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ABSTRACT 
 
 This capstone project investigated various pedestrian bridge design alternatives to span 
Salisbury Pond in Institute Park and proposed other critical park improvements. Three bridge 
alternatives were considered including a truss, arch, and cable-stayed design. Each of the three 
design alternatives were analyzed using a comparative chart which included rating criteria such as 
economics, constructability, and environmental impact. The arch bridge was identified to best 
serve the design challenges at Institute Park, then the details of the structure were used to compile 
a final cost estimate. Along with the bridge design, other park amenity improvements were 
investigated, and their associated costs were also considered. A final design package was created, 
including the selected bridge design and best park improvements, and recommendations for city 
officials.  
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CAPSTONE DESIGN STATEMENT  
 
 At Worcester Polytechnic Institute (WPI), the Major Qualifying Project (MQP) represents 
the capstone design experience required by the Civil Engineering program and the Accreditation 
Board for Engineering and Technology (ABET). ABET requires the student to complete a 
capstone design that incorporates engineering standards into their capstone project work in order 
to graduate with the ABET-accredited degree and practice engineering. Eventually, that 
engineering practice leads to professional licensure in the industry. The capstone design experience 
compiles the knowledge obtained in the four years of undergraduate courses and applies it to a 
real-world design problem, as illustrated by the MQP. The ability to apply the knowledge and 
skills acquired in academia to real-world engineering problems is essential for engineering practice 
after college. In real-world design problems, engineers have to come up with solutions that satisfy 
the standards and constraints of the specific project and site. The MQP provides exposure to the 
constraints and standards of a design problem that may not have been discussed in the classroom. 
In this MQP, three design alternatives for a pedestrian bridge were investigated and a final design 
was detailed, addressing the site constraints and considerations presented by economics, 
environmental implications, sustainability, useful life, ethics, health and safety, and 
constructability. 
 
ECONOMICS 
 An important consideration for an engineering design is the economics of its structure and 
construction. Most often in any given project, there are budgetary constraints that influence how 
and when the project is going to be designed and completed. In some cases, the engineering design 
may even need to change once the project has already started, causing additional monetary 
demands. It is an imperative part of the engineering process to devise solutions to meet changes 
that arise during the lifetime of a process but it is important to understand how these last minute 
changes can affect the overall cost for project completion. In this case, the design, materials, and 
construction cost associated with each pedestrian bridge design were considered to determine 
which design is the most economical. Construction costs were gathered from the RSMeans 
Building Construction book. Because the project is a pedestrian bridge, it is on a much smaller 
scale than a highway bridge that would require the use of the RSMeans Heavy Construction book. 
For this purpose, the Building Construction reference was considered acceptable. 
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ENVIRONMENTAL IMPACTS 
 Environmental concerns must always be considered when analyzing the existing 
constraints on an engineering a project. Engineers need to determine where the structure will be 
located, whether if it will disrupt the neighboring environment, and how to prevent any negative 
impacts the project could have or mitigate the impact of their project if its impacts are inevitable. 
In this project, many environmental concerns were considered. Specifically, the short and long 
term effects of the proposed pedestrian bridge and the park amenities were investigated. The 
location and geometric design for the pedestrian bridge was chosen to minimize its negative effect 
on the ecology of the local water body and wetlands.  
 
SUSTAINABILITY 
Engineers must consider the long-term sustainability of their decisions as a project can 
have a great impact throughout the course of its life. One must consider how to best maintain the 
park environment in peak condition without depleting its natural resources. In order to do this, the 
amenities for Institute Park were chosen to improve the standard of living and promote long-term 
sustainability in the neighborhood. Park amenities aimed to help cultivate a more active 
environment, encourage park attendance, minimize maintenance, and minimize the negative 
effects of on its natural ecosystems. For example, the recommended bike sharing system would 
present an additional transportation option for individuals living close to the park, decreasing local 
traffic and promoting physical exercise.  
 
ETHICS 
 Engineers need to follow a code of ethics for all design projects and should do work that 
enhances human and environmental welfare and safety. The American Society of Civil Engineers 
(ASCE) has a Code of Ethics that outlines seven canons of professional practice that civil engineers 
should uphold in their duties. In particular, the first canon (Hold Safety Paramount) of the ASCE 
Code of Ethics was directly applicable to the structural design work in this project. It was necessary 
to ensure that all proposed designs would be safe for all those using the new structure. This and all 
other principles of professional practice were upheld throughout the design and analysis of this 
project. 
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HEALTH AND SAFETY 
 Public health and safety is the most important standard for an engineer to meet. The design 
and construction of projects must comply with all building codes and laws enacted by the 
legislature. These building codes and laws refer to various standards set by industry officials that 
are not innately regulatory. Standards include those set by the American Institute of Steel 
Construction (AISC), American Concrete Institute (ACI), and the American Society of Civil 
Engineers (ASCE). The ASCE 7 standard outlines the minimum design loads for buildings and 
other structures, AISC compiles the steel manual outlining the required parameters for steel design, 
ACI provides guides for the design of structural concrete. Additional requirements for project 
design include criteria like those outlined in the Americans with Disabilities Act (ADA). All 
industry standards were followed for the pedestrian bridge designs in order to ensure the structural 
integrity and safety of the system was compliant with local building codes and laws. 
 
 
CONSTRUCTABILITY 
 Another real-world criterion to consider in project design is the constructability of the 
structure. Engineers must decide whether or not a project would have a more beneficial outcome 
if it was prefabricated and transported to the site for assembly, or if it was constructed on-site. 
Additionally, engineers must determine how construction machinery and materials will be 
transported to the site and if there will be any negative effects on the local traffic. The local climate 
was also considered to determine when would be the best time for construction to begin and if 
weather conditions could bring work to a halt at any time. Things to consider include transportation 
distances, fuel costs, site accessibility, weather patterns and cost trends during the time of 
construction. In this project, prefabrication methods and on-site construction methods were 
investigated, along with the local traffic patterns, site accessibility, and seasonal weather 
conditions to see how and when is best for construction. 
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PROFESSIONAL LICENSURE 
 Professional licensure is an important aspect of practicing any form of engineering. 
Licensure is a recognized standard by the industry it is held in and by the public as a pledge of 
dedication, quality, and skill of work. Professional engineers perform design work and are able to 
sign off on plans that they have worked on or contributed to because of their status. It is critical 
for all engineers working in the professional field to be licensed so that both clients and employers 
trust that they are competent in their field. This also ensures that elements engineered for society 
as a whole are of the highest possible quality. For the individual, the licensure process also 
encourages life-long learning in their discipline and helps to keep all of the knowledge obtained 
during university fresh in one’s mind. A degree obtained from an ABET-accredited university 
provides a path that leads to professional licensure if the student wants to pursue it. After obtaining 
a degree from an ABET-accredited university, the first step towards becoming a Professionally 
Licensed Engineer (PE) is through taking the Fundamentals of Engineering Exam. Then, after 
working in their degree field for at least four years one can take the Principals and Practice of 
Engineering exam to become a PE. The ABET standards that universities carry out replicate real-
world design practice, which MQP models as well. This MQP replicates the professional practice 
of a licensed engineer by solving a complex design problem that addresses real world conditions 
and constraints.  
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EXECUTIVE SUMMARY 
 
 Recent efforts to renovate one of Worcester’s major parks has drawn attention to the fact 
that the neighboring Institute Park needed some renovation of its own. Although there are many 
small scale changes that could be made to help improve the environment at Institute Park, in order 
to create transformational change, the addition of a pedestrian bridge over Salisbury Pond was 
deemed necessary. The design for this structure was accompanied with many challenges such as 
the need to complement the existing infrastructure in the park, and meet sustainability goals and 
the cultural needs of local residents. Three different conceptual bridge designs were evaluated for 
their compatibility on the site based off of a variety of factors including its sustainability, cost, 
constructability, social capital, and aesthetics. Ultimately, one geometric configuration was 
selected as be most complimentary to the site and a detailed design was completed. To further 
improve Institute Park and increase attendance, amenities were recommended including a bike 
sharing system, playground, fountain, picnic area, benches, lighting, and pathwork.   
 In order to begin the process of designing a pedestrian bridge for Institute Park, first, a site 
analysis had to be completed. This provided a description of the state of current structures, the 
dimensional and environmental constraints, geotechnical concerns, potential locations for the 
structure, and park amenities. From this, it was possible to create conceptual drawings of the 
potential bridges to span Salisbury Pond. Structural analyses were performed in RISA-3D to 
develop preliminary designs for each potential structure. Each design option was graded on a host 
of different categories to determine its level of compatibility for the site. Once the best alternative 
was determined, a more detailed structural analysis was completed and amenities were proposed 
for both the park and bridge.  
 When originally constructed, Institute Park had few amenities. To add to its appeal, a 
boathouse, tower, four gazebos, a bandstand, Tremont Columns, and a small pedestrian bridge 
were added to the park. The first pedestrian bridge was constructed from timber and was brought 
down by a fire thirty years after it was built. To avoid a catastrophe like this happening in the 
future, concrete and steel were determined to be better construction materials for the new structure 
and purpose. Although not all of the original amenities are still standing, to maintain the historic 
integrity of the site, informational plaques should be added throughout the park to mark the 
location where monuments once stood. To ensure that the structure would meet the future needs 
of the community, the final design incorporated the goals of previous renovation attempts. 
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1.0 INTRODUCTION AND PROBLEM STATEMENT 
 
 Institute Park is a green haven in one of New England’s largest urban centers Worcester, 
Massachusetts. Over the course of its life, it has been transformed from family farmland to an 
urban retreat for individuals to engage in cultural events, appreciate nature, and to participate in 
recreational activities. Although there have been various attempts to rehabilitate the park, today, 
Institute Park is not living up to its potential. Currently, there is a section of the land within the 
park that remains largely unused due to its limited access from the rest of the park and poor 
maintenance. This area includes a recreation field in need of repair, a forested peninsula, and a 
wetland teeming with wildlife. With a few improvements, Institute Park can become a cultural hub 
in Worcester, a landmark destination for visitors, and an ideal space for neighboring residents to 
spend their free time.  
 The centerpiece of the redesign of Institute Park will be a pedestrian bridge. This structure 
has the potential to dramatically increase the overall aesthetic appeal of the park, increase the 
park’s use with improved circulation, connect green space across the city, increase tourism, 
promote the use of Salisbury Pond, and bring life to underused segments of the park. In order to 
increase the overall circulation within Institute Park, the pedestrian bridge connects the most 
popular sections of the space with those areas that are currently underutilized. Path work around 
the entirety of the park was designed to encourage individuals to traverse the entire area and to 
take advantage of the natural and artificial amenities the park has to offer. Numerous amenities 
were evaluated that could be added to the park to promote future use and elevate the quality of life 
for those living in the neighboring area. To make the urban park more child-friendly, a playground 
was proposed within the existing forested area. Benches and additional lighting were suggested to 
increase the comfort and safety of the space. A location for an aesthetic water fountain was 
suggested to add to the visual appeal of the urban space and promote physical activity. Locations 
for a bike sharing system were also identified to further promote physical activity, alleviate traffic 
congestion in the area and decrease the city’s overall carbon emissions. Finally, historic sites 
within park boundaries should be identified and displayed to preserve the historical significance 
of the urban space for generations to come. If these changes are effectively implemented in 
Institute Park, this urban park will quickly become a popular recreation space for visitors, residents 
and community events. 
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2.0 BACKGROUND 
 
THE HISTORICAL SIGNIFICANCE OF INSTITUTE PARK 
Institute Park was created in 1887 when Stephen Salisbury III donated 17 acres of his 
family’s land to the city park’s commission to contribute to the open network forming in 
Worcester. 1 Initially, it was thought that this space would be used primarily by the students of the 
Worcester Free Institute of Technology (now known as WPI), however, the entire Worcester 
community cherishes the space. The land generously donated to the city has transformed with time 
to meet the needs of its community, being used as a place to appreciate the beauty of nature, hold 
public events, and undertake engineering experiments. The design one sees today is chiefly based 
upon the contributions of Stephen Salisbury III, a benefactor who believed that the park should 
allow for visitors to roam through the park with as much freedom as possible.2 
When the land donated by Mr. Salisbury was transformed from simple farm land into an 
urban playground many structures were built to add to its appeal. There was a boathouse, tower, 
four gazebos, a bandstand, Tremont Columns, and a pedestrian bridge that granted pedestrians 
access to a small island in the center of the park. The footbridge was constructed in 1892 and 
measured 127 feet long by 12 feet wide. The construction of this feature was overseen by Mr. 
Salisbury and stood for 30 years until a fire brought it down in 1922. Over time, many structures 
including a replica of the Old Mill in Newport, RI, and the children's playground have vanished 
from the park. In 1912 more land was donated to Institute Park by the Worcester Art Museum; 
however, most of this land now belongs to the Grove Street Fire Department or is being used as 
residential space. 
Salisbury Pond, the main water feature in the park, was not initially constructed for 
recreational use. This artificial lake was the result of a dam erected by Stephan Salisbury II to 
provide power for the wire factory run by Ichabod Washburn. Over the years there have been 
numerous attempts to clean up Salisbury pond. Most recently, announced in June 20163, the 
Friends of Institute Park decided to spearhead an effort to perform an advanced bathymetric study 
of the pond to remedy the years of pollution that have plagued the water body. This task is the 
responsibility of the state’s Executive Office of Environmental Affairs and will hopefully elevate 
the pond environment to welcome those who may want to go out on boats or even host an event 
like “WaterFire” in Providence, RI.  
The Worcester Parks, Recreation and Cemetery Department along with WPI, the 
architectural firm Shepley Bulfinch, the Friends of Institute Park and various other benefactors 
began working together between 2004 and 2007 on a plan to revitalize the park. A master plan was 
devised that aimed to cultivate Institute Park as a community resource and cultural center, build 
                                                
1 Bulfinch, S. (2007). Institute Park Master Plan (1st ed.). Worcester: City of Worcester Department of Public 
Works and Parks Parks, Recreation, and Cemetery Division. Retrieved from 
http://www.institutepark.org/masterplan.pdf 
2 Ibid. 
3 Ayotte, R. (2016). Friends of Institute Park polish Worcester's green gem. telegram.com. Retrieved 28 September 
2016, from http://www.telegram.com/news/20160612/friends-of-institute-park-polish-worcesters-green-gem 
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new walkways to connect the park to the surrounding community, highlight the park’s role in the 
Blackstone River Corridor, preserve its historic significance, protect its natural resources, and 
improve landscaping. The master plan for Institute Park categorized the space into three different 
sectors to reveal the greatest version of Institute Park: the wetland sanctuary, the urban park, and 
the recreation park. Although not all of the master plan was implemented, their vision for the park 
after the completion of this master plan included but was not limited to walking paths, a historic 
bridge, seating areas, water gardens and an upgrade of the recreation field.  
 
PARK TRENDS, SUSTAINABILITY AND ENVIRONMENTAL CONCERNS 
 Urban parks have always been an instrumental sector of city infrastructure with the 
potential to positively impact the health and mental well-being of the urban population.4 Recent 
innovations and trends have emerged in urban parks that ensure that they are meeting the demands 
of modern life and working with the rapid growth of cities. In the 1900s, 40% of America’s total 
population lived in urban areas and by 2012 that percentage had risen to 80.7%.5 With the urban 
population growing, less and less space is available to transform the open land into urban parks, 
so city planners need to become more innovative in order to provide the same quality of life for 
citizens. Parklets6 are an innovative way to increase the amount of public space in cities. These 
small, mobile recreation areas can be created from existing street parking to provide space for 
individuals to relax, have lunch, or spend time with friends. It is even possible to incorporate 
exercise apparatus into the design of parklets for those who wish to get some physical activity. 
One can see a successful San Fransisco parklet in Figure 1. The first two-hour parklet was created 
in San Francisco in 2005 by an art studio called ReBar, and the program was so successful that 
today the city hosts almost 40 of these small parks.7 In 2013 the city of Seattle rolled out their first 
parklet as a test program to see if they could be incorporated into the long-term infrastructure of 
the city. 
 Across the country from the birthplace of parklets is a city that has managed to mold one 
of the most innovative parks in the country into a tourist destination. New York City has taken a 
major stance on sustainability with its commitment to creating a more environmentally friendly 
city for the future. Here one can see the NYC High Line8, a park elevated above the city street, 
stretching across the top of a preserved railway that was once in danger of demolition. The 
Highline is more than just an urban park in an ingenious location, it is incredibly environmentally 
friendly as it also functions as a green roof, utilizes drip irrigation, and the plants and porous 
pavement absorb stormwater runoff. NYC also has a new plan on the horizon for a park 
underground called the Low Line that will occupy the Williamsburg Bridge Trolley Terminal. 
                                                
4 Withgott, J. & Laposata, M. Environment (1st ed.). San Francisco: Parson. 
5  Roberts, N. & Rao, T. (2013). Urban Park Access: Trends, Issued, Challenges. Presentation, CA Parks Forward, 
Public Meeting. 
6 King Tamang, J. (2014). TRENDS IN PARKS AND REC IN 2015. Presentation, Seaside, Oregon. 
7 Ibid. 
8 Parkman, J. (2016). 6 Urban Green Space Projects That Are Revitalizing U.S. Cities - Smart Growth Online. Smart 
Growth Online. Retrieved 28 September 2016, from http://smartgrowth.org/6-urban-green-space-projects-that-are-
revitalizing-u-s-cities/ 
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New optics technology, called sky collectors, will be used to channel the sunlight from the street 
surface underground to illuminate the park and landscaping. With the aid of new solar technology, 
the city of New York plans to turn this underground site into the city’s next favorite green space. 
The utilization of non-traditional spaces for parks is a trend that is likely to continue if the 
population of cities continues to rise as more people flock to urban areas to live and work. 
Figure 1: San Francisco Parklet 
Smart Magazine (2015) 
 
URBAN PARKS AND THEIR NEIGHBORING COMMUNITIES 
Public parks have the power to shape their neighboring communities, and it is possible to 
see a direct correlation between positive park improvements and the elevation of the surrounding 
community. Prior to World War II, Midtown Manhattan was a prosperous entertainment district. 
When the war was over, the city faced an economic downturn, and many midtown restaurants, 
bars, and theaters were forced to close. Bryant Park9, located in midtown Manhattan,  had been 
redesigned in the 1930s with high walls and an elevated street level which unfortunately did more 
harm for the park than good. This renovation set Bryant Park out of view from passers-by, and 
this, in conjunction with the economic downturn, contributed to a steep increase in park crime, 
including drug trafficking and robbery. On average, police records show that in the 1970s and 
1980s, 150 robberies, 10 rapes, and 1 murder occurred every year in Bryant Park. Women, tourists, 
and middle-class people alike chose to avoid the park as it was perceived to be unsafe. The redesign 
in the 1930s had created the perfect environment for criminal activity. 
Things changed for Bryant Park in 1979 when the New York Public Library began 
renovations. Primary benefactors (The Rockefeller Brothers) became keenly aware of the 
worsening safety situation in the park and its effect on the surrounding neighborhood. City 
planners have the power to increase security and redesign the layout of the park so that there are 
                                                
9 Barqawi, D. & Jaganaught, A. (2015). Case Study: Bryant Park, New York City. umusama2015. Retrieved 28 
September 2016, from https://umusama2015.wordpress.com/2015/04/11/case-study-bryant-park-new-york-city/ 
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no blind spots for crime to unfold. In order to improve visual access into the park, William H. 
Whyte (the city planner and sociologist) suggested that city officials remove the iron fences and 
shrubbery encasing the park, improve lighting, and open up the entrance for easy circulation. In 
order to bring more middle-class citizens into the park, the landscape architect suggested 
employing security guards. To cultivate a space that was inviting to upper-class individuals, loose 
chairs and cafés were suggested, much like those in French parks. With all the plans laid out, 
construction began in 1982. In ten years Bryant Park had been elevated to the cultural landmark 
known today. Figures 2 and 3 show the dramatic transformation of Bryant Park. 
Figure 2 and 3: Just north of the fountain, looking towards Fifth Avenue, 1980s and 2014 
BPC (2014) 
 
Immediately after renovating Bryant Park, police began to see a dramatic decrease in the 
rate of crime in and around the park. Seven years after the renovations were complete, crime had 
decreased by ninety-two percent from the rates seen before 1979. In the years that followed the 
neighborhoods surrounding Bryant Park increased in popularity and rent rates went up by sixty 
percent. This also had an effect on real-estate value in the neighborhood, as building leases, and 
land values surrounding Bryant Park rose. The dramatic transformation of Bryant Park shows how 
powerful the actions of city planners can be to improve their environment. This case study is a 
reminder that simple city planning can contribute to solving societal problems. 
 
 
 
NEEDS ASSESSMENT 
If one was to enter Institute Park today from Boynton Street they would be greeted by a 
pair of doric columns in the fashion initially envisioned by Mr. Salisbury. Although lacking some 
of its original amenities, Institute Park is still home to tennis courts, a concert shell, three gazebos, 
public restrooms, and various walkways. In the most recent effort to revitalize the park, Shepley 
Bulfinch and the Friends of Institute Park along with other benefactors noted that improving 
  6 
pedestrian circulation through the park was a primary goal for the Institute Park of the future. 
Figure 4 shows the extents of Institute Park. 
Figure 4: Site Map 
Compiled from MASGIS Data 
 
To give individuals more freedom to move through the park, create a landmark destination, 
improve visual appeal, and make the recreation field more accessible, a pedestrian bridge should 
be added connecting the urban park with the recreation field. This 220-foot span would connect 
the green space in the southern portion of the park with the recreation field in the northern section. 
It would decrease the distance WPI athletes need to travel to reach the site by thirty percent while 
taking advantage of a scenic route across the bridge. This pedestrian bridge also presents an 
opportunity to incorporate a children’s playground, like in the early days of the park, on the 
peninsula neighboring the recreation field. The installation of a new footbridge and a playground 
would be a chance to remold the park in the image its initial benefactor, Mr. Salisbury, intended.  
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INNOVATIVE AND POPULAR BRIDGE DESIGNS 
Innovation in city planning can transform mundane city streets and quiet parks to 
landmarks. Millennium Bridge10 was the only pedestrian bridge in London when it opened in June 
2000 and for the first time in almost one hundred years, the City and St Paul’s Cathedral were 
connected to the Globe Theatre and Late Modern on Bankside. This created a new route into 
Southward and ignited the culture around St. Paul’s Cathedral. The Millennium Bridge is the result 
of the collaboration between sculptor Anthony Cara and the engineer Arup for an international 
design competition. The finished structure spans 320 meters and supports the pedestrian walkway 
on suspension cables that never rise more than 2.3 meters from the floor of the deck which provides 
a full panoramic view for those crossing the bridge. Figure 5 shows Millennium Bridge with St. 
Paul’s Cathedral in the background. The low profile design also means that the view from inside 
the surrounding buildings is not obstructed by tall suspension towers. The design was 
revolutionary and adored by the public, the first weekend after the bridge had been opened over 
one hundred thousand people crossed. Engineers and pedestrians alike were taken aback when the 
footbridge began to exhibit lateral movements far greater than anyone expected, so much so that 
the bridge was temporarily closed down as the public deemed it unsafe. After extensive research, 
it was discovered that the increased repetitive foot traffic on the bridge Millennium Bridge was 
actually the cause of the lateral movement. The discoveries made by the engineers on this project 
have led to changes in the damping requirements for bridges worldwide, and it was possible to 
stabilize the structure with dampers beneath the deck to mitigate the movement. Millennium 
Bridge proves that sometimes pushing the envelope in bridge design can yield surprising 
consequences but these can further advance bridge technology for the future. 
                                                
10 Millennium Bridge | Foster + Partners. (1996). Fosterandpartners.com. Retrieved 28 September 2016, from 
http://www.fosterandpartners.com/projects/millennium-bridge/ 
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Figure 5: The London Millennium Footbridge 
John Cavacas (2012) 
 
Figure 6: Liberty Bridge 
BridgeHunter.com 
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Liberty Bridge in Greenville, South Carolina draws its inspiration from the suspension foot 
bridges that have been seen in Europe like the Millennium Bridge11. Although its profile is much 
higher than Millennium Bridge, the Liberty Bridge blends into the landscape of Falls Park 
seamlessly because of the clever placement of its towers and the way the bridge winds across the 
river. Measuring a total of 345 feet long, the bridge spans the dramatic waterfall in the center of 
the park. Two steel masts support its unique curved deck design that has a radius of 214 feet. The 
deck is cantilevered towards the waterfall, hugging the landscape. The ultra-light construction of 
Liberty Bridge means that minimal cables are needed to support the bridge, and pedestrians have 
an unobstructed view of the waterfall. Figure 6 show the Liberty Bridge. Engineers working on 
the Liberty bridge decided to work with the natural environment to create the most aesthetically 
pleasing bridge possible and since its construction, Falls Park has been the centerpiece of 
Greenville and a must see destination for all visiting.12 
 
TYPES OF BRIDGES 
When a bridge is designed, it is essential to select the most appropriate bridge type for the 
particular site and purpose. Many factors influence this decision such as client needs, physical 
constraints, use, and weather conditions. In this project, three types of bridges, an arch, precast 
concrete beam, and cable-stayed system, were investigated for a pedestrian bridge designed for 
Institute Park in Worcester, Massachusetts. 
A truss is a type of bridge that is comprised of connected triangular units. This type of 
structure is used often due to its rigid nature and ability to transfer loads from a single point to 
much wider contact areas13. These types of bridges form an open framework, and therefore use 
materials efficiently and effectively for the amount of load that may be carried. Ultimately, this 
means the construction of a truss bridge is very economical.14 The members of a truss are subjected 
to axial forces due to externally applied loads. The chords are the top and bottom members and 
interact with the flanges of the girders while the diagonal and vertical members interact similar to 
with the web of plate girder. The diagonals generally provide sufficient shear capacity for the 
structure.15 One can see the configuration of a truss and the state of its members in Figure 7. 
                                                
11 The Liberty Bridge | Greenville, SC - Official Website. (2016). Fallspark.com. Retrieved 28 September 2016, 
from http://www.fallspark.com/175/The-Liberty-Bridge 
12 Ibid. 
13 Truss Bridge - Facts and Types of Truss Bridges. (2016). Historyofbridges.com. Retrieved 28 September 2016, 
from http://www.historyofbridges.com/facts-about-bridges/truss-bridge/ 
14 Selecting the Right Bridge Type. (2015). Steel Bridge Design Handbook, Vol. 5(FHWA-HIF-16-002). 
15 Ibid. 
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Figure 7: Diagram of Truss Bridge Members 
       Encyclopedia Britannica, Inc. (2012) 
 
There are many different configurations of truss structures that may be suitable for a bridge 
design depending on its purpose. Figure 8 shows some of the different geometric configurations 
that a truss bridge can assume. Some truss types carry and translate loads differently. For example, 
a Pratt Truss, whose vertical members are in compression and diagonal members in tension, is 
effective when the force is mostly in the vertical direction16. Another example, a Warren Truss, 
whose construction is identified by equilateral triangles, is more advantageous when a distributed 
load is applied, rather than a concentrated load. A truss bridge design could be a good design 
choice for Institute Park because of the fact that smaller members can be used. It would be easier 
to transport the materials to the site but would require on-site construction. The truss may also be 
assembled in sections and transported to the site that way, which would improve constructability.  
 
 
 
 
 
 
 
 
 
 
 
                                                
16 Carigliano, S. (2015). Types of Truss Structures | SkyCiv Cloud Engineering Software. Skyciv.com. Retrieved 28 
September 2016, from https://skyciv.com/education/types-of-trusses/ 
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Figure 8: Types of Truss Configurations 
                                                        Will Femia, MSNBC (2013) 
 
Arch bridges are one of the most popular types of bridge designs, having been used for 
over 3,000 years. The basic principle of an arch bridge is based on the geometry of a semi-circle. 
The load forces are carried along the curve to the abutments at either end, and the arch ribs carry 
the axial forces and moment. The ribs can be trussed or solid. Solid ribs are used for shorter spans 
while trussed ribs become more economically feasible when the span is long17. Arches can be 
designed with various joint configurations, including fixed arches, two hinged arches, and three-
hinged arches. A fixed arch prevents the rotation at the ends of the span, making it indeterminate 
to the third degree while a two-hinged arch is indeterminate to the first degree. In this case, a three-
hinged arch was investigated because it is statically determinate. This means there is one hinge at 
each of the supports and one at the crown. This design allows for the expansion and contraction of 
the bridge. An arch design could be a good choice for Institute Park because it may be transported 
in two sections. Depending on the material, the sections could be prefabricated off site at a plant 
and the two sections could be assembled on-site where the crown is. 
A suspension bridge is a cable-suspended structure that uses high-strength cables as major 
structural members. Externally anchored suspender cable systems are the most common form of 
suspension bridges. A suspension bridge suspends the roadway or deck with cables that are held 
up by two towers18. The main cables of the bridge are located at the outer edges and are draped 
over towers where they rest in a saddle-shaped formation. The towers need to be extremely strong 
                                                
17 Hartmann, J. (2015). Steel Design Handbook: Selecting the Right Bridge Type (1st ed.). U.S. Department of 
Transportation Federal Highway Administration. Retrieved from 
https://www.fhwa.dot.gov/bridge/steel/pubs/hif16002/volume05.pdf 
18 LAMB, R. & MORRISSEY, M. (2000). How Bridges Work. HowStuffWorks. Retrieved 28 September 2016, from 
http://science.howstuffworks.com/engineering/civil/bridge6.htm 
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as they support the majority of the weight in the structure. Gravity forces due to live loads push 
down on the structure’s deck and are transferred to the cables which then transfer the load to the 
towers. The ends of the main suspension cables are anchored into large counterweights or into the 
bedrock at the ends of the structure.  
 
  Figure 9: Diagram of Suspension Bridge Members 
          Encyclopedia Britannica, Inc. (2012) 
 
There are two main components to consider in the design of a suspension bridge, the 
substructure, and superstructure. The substructure is composed of the piers in the middle of the 
structure that support the towers, and the anchors on the ends of the structure that are connected to 
the cables. The superstructure is comprised of the deck, towers, and cables19. Typical lengths of 
suspension bridge spans range from 2,000 to 7,000 feet, making them a viable choice for long 
spans, but shorter spans may also be utilized. A diagram of a suspension bridge is shown in Figure 
9. Suspension bridges provide additional height clearance compared to other designs because they 
can eliminate some of the piers that girder bridges require. Suspension bridges have a high 
aesthetic appeal and may bring an innovative structure in the Worcester community if implemented 
in Institute Park.  
Another type of suspension bridge is a cable-stayed design. Cable-stayed bridges do not 
need anchorages for the cables, and it is not necessary for them to have more than one tower. The 
cables connect from a single point on the tower to the roadway. The cables are in tension, carrying 
the weight of the roadway to the tower, which acts as a compression member.20 The cables may 
attach to the deck in several ways. They may have equal distance between then or they could fan 
out, depending on what they are designed for. Cable-stayed bridges offer the same advantages of 
a suspension bridge, but come at a lesser cost because they require fewer steel cables.21 
                                                
19 Tacoma Narrows Bridge: Suspension Bridge Basics. (2005). Wsdot.wa.gov. Retrieved 28 September 2016, from 
http://www.wsdot.wa.gov/TNBhistory/Machine/machine1.htm 
20 Hudec, K. (1997). Build a Bridge. Retrieved December 12, 2016, from http://www.pbs.org/wgbh/nova/tech/build-
bridge-p3.html 
21 Retrieved December 11, 2016, from http://science.howstuffworks.com/engineering/civil/bridge7.htm 
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A simpler, yet equally as effective, bridge design is the girder bridge. This type of bridge 
has girder beams that span the length of the bridge and support the deck and any loading that is 
applied to the bridge. This is a versatile design because many materials can be used for this type 
of bridge. There can be concrete girder bridges, precast options, and steel designs, with all different 
types of girders that may be used, including box girders, I-beam, W-beams, tee or double tee 
shapes, etc.  
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2.1 MATERIALS  
 
An innovative bridge design does not only depend on its geometric layout. The materials 
from which it is constructed contribute critically to the strength of the structure, its resistance to 
the environmental conditions, its appearance, and how sustainable it is. Therefore, it is essential 
that various materials are investigated for the environment in Institute Park. For this site, three 
different materials were analyzed to determine which would be most compatible for a pedestrian 
bridge across Salisbury Pond. It was necessary to compare the intrinsic properties of each 
compatible building material, evaluate its effect on the natural environment, determine its 
resistance to weather and climate-related wear, and investigate how each material may 
complement the existing park structures aesthetically and culturally.   
 
CONCRETE 
Concrete is a construction material composed of cement, water, and aggregates. There are 
different types of concrete depending on the materials added to it, and the ratios of the varying 
ingredients. When admixtures are included in a concrete mix, the properties of the concrete alter 
depending on the admixture chosen. A specific admixture could reduce or increase the slump of a 
concrete mix, reduce the water-cement ratio, or reduce the cement content. Concrete comes in 
many different forms including lightweight concrete, high-density concrete, high strength 
concrete, etc., which are dependent on the materials that form the mix. Each type of concrete serves 
its own purpose, and there are specific situations for which they are best suited. For example, a 
lightweight concrete has a much lighter dead load and can expedite the progress of a project by 
reducing the overall cost and time required to ship the materials to the site22. Concrete is also 
virtually non-combustible, meaning it is an intrinsically fire-resistant material23. So, in situations 
where fire protection is a concern, it is the optimal material for the job. Another property of 
concrete that may be altered is the air entrainment. Air entrainment in concrete is the creation of 
small air bubbles that allow water to expand inside the sample and reduce the stresses that develop 
in climates that experience freeze and thaw conditions. Ultimately, this reduces the impact of 
thermal expansion on the concrete and is helpful in regions with a cold climate. 
Concrete is one of the most commonly used construction materials and is considered a 
sustainable material. The embodied energy of concrete is a great deal more efficient than other 
infrastructure materials. Concrete has an energy of 1.11 MJ/kg, meaning it takes 1.11 mega joules 
of energy to produce one kilogram of concrete, including the production of portland cement at the 
manufacturing plant. Comparatively, steel has an embodied energy of about 21.5 MJ/kg that 
includes the rolling processes.24 The predominant raw material in concrete is limestone, which is 
                                                
22 Mishra, G. (2012). TYPES OF CONCRETE WITH APPLICATIONS. The Constructor. Retrieved 28 September 
2016, from http://theconstructor.org/concrete/types-of-concrete/966/ 
23 CANCIO, C. (2012). Why is concrete fire resistant?. HowStuffWorks. Retrieved 28 September 2016, from 
http://home.howstuffworks.com/home-improvement/construction/materials/concrete-fire-resistant.htm 
24 Sakulich, A. (2011) Sustainable Cities and Society. 
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one of the most abundant minerals on Earth. Using a material that is so readily available is a good 
source of resource efficiency. Additionally, it is an efficient material due to the fact that it can be 
made with waste byproducts such as fly ash, slag cement, and silica fume25. These materials are 
created due to other production processes, instead of having to produce Portland cement at a plant. 
Fly ash is what is left over in a furnace, slag cement is produced when iron ore is reduced to ore, 
and silica fume is produced from silicon alloys. 
 Concrete performs extremely well in compression with a compressive strength ranging 
from 3,000-5,000 psi but has a much lower strength under tension. The tensile strength of concrete 
may be increased with reinforcing steel bars or with tensioned strands in the case of prestressed 
concrete. Reinforcing bars are placed in the concrete before it cures, and the number of bars 
required depends on the amount of tensile load the concrete member is expected to carry.   
Precast concrete is a method of concrete production where members are manufactured 
offsite and transported to the construction site ready for installation. One can drastically reduce 
construction time by utilizing precast concrete; it is a good option when time is a restriction.  
Overall, concrete is a suitable option for construction because of how well it performs and how 
readily available its materials are. 
 
STEEL 
Steel is another widely-used construction material because it is structurally sound and 
offers design flexibility. Steel offers the highest strength-to-weight ratio of any construction 
material available, which makes it extremely cost-effective26. Its strength-to-weight ratio also 
allows designs to incorporate longer spans so that interior building spaces can be more open than 
they would be if constructed with another material.  Steel is manufactured in industrial mills from 
iron ore. Iron is smelted from the ore and must be reprocessed to reduce the specific amount of 
carbon associated with its transformation into steel. It is then cast into long slabs, cut and formed 
into the shapes that are desired. Steel is a durable, inorganic material, meaning it is not affected by 
rot or mold. Protective layers may be added to the steel member in order to provide additional 
durability and protection. Steel is not fire-resistant in the way concrete is, but may be fireproofed 
with spray-on fireproofing material or with fireproofing paint so structural steel can still sustain 
load at great temperatures. Steel bridges are aesthetically pleasing and may be a good choice of 
material to match the current features of Institute Park. Steel materials can be an environmentally-
conscious choice for construction because up to 100% of the structural steel frame may be 
fabricated from recycled steel.27  
 
                                                
25 Balogh, A. (2016). What Makes Concrete a Sustainable Building Material? - The Concrete Network. 
Concretenetwork.com. Retrieved 28 September 2016, from 
http://www.concretenetwork.com/concrete/greenbuildinginformation/what_makes.html 
26 Madsen, J. (2005). Concrete vs. Steel. Buildings.com. Retrieved 28 September 2016, from 
http://www.buildings.com/article-details/articleid/2511/title/concrete-vs-steel/viewall/true.aspx 
27 Structural Steel. (2014). Steel Recycling Institute.  
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TIMBER 
Wood is considered the only renewable construction material, as it is naturally grown and 
contributes to the removal of greenhouse gasses from the atmosphere28. Producing and processing 
wood uses significantly less energy than other construction materials, which means it has a much 
lower carbon footprint than the rest. When wood is logged, it then becomes a timber member 
because it is ready for use as a structural member. There are many timber member shapes and 
sizes, depending on the use of the frame or truss. Timber is a good option for a bridge design 
because it is not affected by road salts or freeze-thaw cycles the way other materials would be. 
Timber members can also be prefabricated and then transported to the site, speeding up the 
construction process. Modern timber construction is lightweight but also produces enough strength 
to carry significant loads29. Wood bridges are used in other parks located nearby in Worcester. It 
may be beneficial to match the new design with aesthetics to the existing structures. 
There are a few downsides to timber construction that prevent it from being used 
in all applications. First, the material is prone to water damage, in particular, it is very 
susceptible to rot especially if members are directly exposed to the elements. 
Infestations by both insects and fungi are also an environmental concern in wood 
construction. In the case of both rot and infestations, the members can lose their strength 
and not be able to sustain the loads they were designed to hold.30 In addition, timber is 
very flammable so when it is used in building construction it is common practice to 
cover the stud frame with more fire resistant materials. For timber elements that are 
exposed it may be necessary to pressure treat members to prevent decay and make them 
more resistant against fire. This process infuses the timber with chemicals that convert 
combustible gasses to carbon char in fires, thereby insulating the underlying wood from 
the flames. Pressure treated wood also releases carbon dioxide and water vapor into the 
air which dilutes combustible gasses in its vicinity.31 One may also consider painting 
the structure with a fire resistant paint to further increase protect the structure from 
flames. 
 
 
 
 
 
                                                
28 The Benefits of Using Wood - Make it Wood. (2016). Makeitwood.org. Retrieved 28 September 2016, from 
http://makeitwood.org/benefits-of-wood/ 
29 Gilham, P. (2016). Modern Timber Bridges: Meeting Today’s Bridge Needs with Strength, Durability and Beauty. 
Presentation, The American Institute of Architects Continuing Education Systems. 
30 Pros & Cons of Timber Frame Buildings. (2017). ConstructionChat. Retrieved 27 February 2017, from 
http://www.constructionchat.co.uk/articles/timber-frame-buildings/ 
31 Fire Retardant Treated Wood (FRTW) For Commercial and Residential Structures. (2012) (1st ed.). Retrieved 
from http://www.ronblank.com/courses/via06b/via06b.pdf 
  17 
2.2 DESIGN CRITERIA 
 
LOADING AND COMBINATIONS 
When designing a structure, it is essential to determine the proper loading cases and 
combinations that it may be subjected to. According to LRFD guide specifications for pedestrian 
bridges, loads are categorized as permanent or transient.32 Permanent loads are defined as “loads 
or forces that are constant upon completion of construction” while transient loads are “loads and 
forces that can vary over a short time interval relative to the lifetime of the structure”33. Both 
permanent and transient loads are to be considered in the design of structures, in the form of dead 
loads, live loads, wind loads, snow loads, etc. In the case of a pedestrian bridge, live loads would 
be considered as the vertical gravity loads due to pedestrian traffic on the roadway or walkway. 
Wind loads also need to be considered. This type of loading is the horizontal and vertical pressure 
that is applied on the substructure or superstructure due to wind34. In certain regions, the effect of 
a snow load is accounted for too, to factor in the weight of snow accumulation on structures. In 
both the wind and snow load cases, the loading is site-dependent on the location and elevation of 
the site35. 
In this case, the pedestrian bridge is going to be carrying its own dead weight which 
includes permanent fixtures like railings and lighting, live loads, wind, snow, and seismic loads. 
The dead weight of the structure depends on the construction materials used and can vary greatly. 
Since multiple alternatives were analyzed with different design materials, the dead weight changes 
case by case. Each of the alternatives was designed for the same live loads. When considering a 
live load, one must consider the type of traffic that will be crossing the bridge. Since this is a 
pedestrian bridge, the design should accommodate pedestrian foot traffic, as well as landscape 
machinery. The latter includes lawn mowers for the upkeep of the park and Bobcat machinery for 
snow plowing or other park construction/improvements in the future. As a result, alternatives were 
designed for a machinery live load of 10 kips, which is approximately the weight of the heaviest 
Bobcat steer skid machine36. 
 
 
 
 
 
 
                                                
32 LRFD GUIDE SPECIFICATIONS FOR THE DESIGN OF PEDESTRIAN BRIDGES. (2009). Retrieved 2017, 
from http://bridges.transportation.org/Documents/pedestrianbridgelrfd.pdf 
33 Ibid. 
34 Loads and Load Combinations. (2015). Steel Bridge Design Handbook, Vol. 7 (FHWA-HIF-16-002). 
35 ASCE 7 Ground Snow Loads. (2016). Snowload.atcouncil.org. Retrieved 28 September 2016, from 
http://snowload.atcouncil.org/ 
36 Bobcat S850. (2016). Axle Geeks. Retrieved 28 September 2016, from http://loaders.axlegeeks.com/l/21/Bobcat-
S850 
  18 
ACCESSIBILITY 
When a structure is designed, it needs to comply with requirements set forth by Americans 
with Disabilities Act (ADA), in such a manner that it is readily accessible to and usable by 
individuals with disabilities37. The most updated version of ADA standards and requirements is 
the “2010 Standards: Titles II and III”, which outlines the requirements for the design and 
construction of new structures, like bridges. In general, floor and ground surfaces “shall be stable, 
firm, and slip-resistant”, according to section 302.1 in the 2010 Standards. This ensures a structure 
can accommodate the widest range of users possible. There are certain requirements for both the 
slope and cross-slope of the walking surface and, if needed, handrails should be along the length 
of the structure’s walking surface. The handrail shall be continuous and also be present on any 
stair or ramp. The gripping surface of the handrail should not be obstructed at any point on the top 
or sides of it. The standards that were considered are presented in Table 1 below. 
 
Table 1: Relevant ADA Standards 
 
ADA Standard  Section of Handbook 
No opening on surface to 
exceed 1/2”  
302.3 
Change in vertical height to be 
not more than 1/4” 
303.1 
Slope of walking surface shall 
not be steeper than 1:20 
401, 402, 403 
Cross-slope shall not exceed 
1:48 
401, 402, 403 
If walking surface greater than 
1:20, handrails are required for 
length of walking surface 
505 
 
 
 
CONSTRUCTABILITY 
In order for a bridge design to be successful, the bridge design must be constructible. The 
basis of constructability in design means that construction of a project unfolds with minimal errors, 
delays, and unseen costs. Many factors were considered such as location, time of year, and project 
duration. The location of the project site influences how the equipment and materials can be 
transported and which access points are required. In a worst case scenario, roadways may have to 
be temporarily closed to allow for the transport of equipment or materials to and from the site. 
Institute Park is situated between several minor and principal arterial streets that carry a great deal 
of traffic, especially during peak hours. It may be possible to only move equipment when the 
streets are less busy, or utilize side streets when possible.   
                                                
37 2010 ADA Standards for Accessible Design. (2010) (1st ed.). Retrieved from 
https://www.ada.gov/regs2010/2010ADAStandards/2010ADAStandards_prt.pdf 
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Another constraint to consider is the environment in the area. To minimize delay, prior to 
construction, one must determine if certain environmental permits are required and the time 
required to obtain the necessary permits. The Institute Park area also has many wetlands in close 
proximity to where the pedestrian bridge would be erected and this may be something to consider 
while scheduling the project. Environmental permits may be required to have certain equipment 
on the land while other permitting may set restrictions on local noise pollution due to construction. 
The Massachusetts Department of Environmental Protection (MassDEP) enforces regulations that 
protect water resources, like wetlands and watersheds.38 
 The time of year can affect scheduling and completion of work if the project duration lasts 
through seasons in which bad weather is expected. For example, New England winters typically 
have at least a few snowstorms, so planning ahead for this can reduce the chance of encountering 
time delays on site which can negatively impact the overall cost of the project. Proper planning 
and design choices can help to make a project easily constructible with minimal errors, delays or 
negative effects to the surrounding city.   
 
RISK MANAGEMENT 
The goal of risk management implementation is to identify potential risks to the structure, 
avoid risks with strategic planning if possible, and reduce risks as much as possible if they are 
inevitable. The best preventative practice a design team can do to ensure the longevity of a bridge 
is to analyze its environment to identify various climate-related threats to the structure's integrity 
such as the wind, rain, snow, salt, and earthquakes. This way design decisions such as protective 
paint, reinforcement clearance in concrete, and smooth connections can be implemented to reduce 
the risk of problems occurring in the future. For a pedestrian bridge located in a public park, one 
of the best methods for risk prevention is to employ a city maintenance crew that can practice 
proper upkeep of the bridge. For example, it is important to clean locations where debris can collect 
and become trapped as these could provide fuel for a fire if one were to ever ignite on the bridge. 
This type of risk management requires basic inspection and observation of the bridge. Another 
reason for inspection of the bridge would be to check the condition of the paint coat. The coats of 
paint are meant to provide a layer of protection for the surfaces against the corrosion or damage 
caused by weather. If there is damage to the paint, then a new coat may need to be applied. One 
must also check the joints of the bridge in order to assure there is no water collecting. When water 
gets into joints, corrosion can occur in the case of steel or the member could crack in the case of 
concrete. Even basic maintenance of the bridge can reduce the risk of damage.  
 
 
 
 
                                                
38 D. (2017). Wetlands & Watersheds | MassDEP. Retrieved February 13, 2017, from 
http://www.mass.gov/eea/agencies/massdep/water/watersheds/ 
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GEOTECHNICAL CONCERNS 
 To ensure the structural integrity of the pedestrian bridge, it is necessary to analyze the 
geotechnical conditions on the site. A preliminary assessment of the existing conditions in Institute 
Park was gathered from a site walk and an analysis of local resources with the help of mapping 
software. The site analysis involved an investigation of the site to identify any special constraints 
such as wetlands or protected habitats, an inventory of the existing conditions and an evaluation 
of particular aspects of the area such as soil type.39 To compile a complete picture of the geology 
on the site, the physiography, geography, surface cover, climate, subsurface conditions, ground 
temperatures, hydrology, hydrogeology and construction materials should be investigated40. Data 
summarizing earthquake activity in the area in conjunction with the ASCE 7-10 specification also 
proved helpful in the design process, enabling us to design the structure so it is strong enough to 
withstand a similar magnitude of seismic activity in the future. As the site is in a temperate climate, 
permafrost does not need to be considered in the design of the foundations. With the aid of ArcGIS, 
historic weather, ASCE 7-10 specification, and seismic activity on the site, it was possible to make 
design decisions that did not put the bridge in jeopardy of the underlying geotechnical conditions.   
 
AESTHETICS 
A bridge spanning Salisbury Pond has the potential to become a landmark destination in 
the city of Worcester. In order to design for this, it is important to keep in mind the aesthetics of 
the bridge when weighing different design options. The structure should be complementary to the 
other structures in the park visual and not take away from their presence. Certain elements such as 
the lighting, paint color, geometric layout, and materials selection can have a large impact on the 
overall aesthetic appeal of the pedestrian bridge. This can be done by using similar materials as 
the surrounding structures in the park or by replicating their style in the aesthetic details of the 
structure. For pedestrians using the bridge, its geometry is paramount. The bridge must be high 
enough so that it has the best view possible of the surrounding area but at the same time the 
superstructure should not impede their view. It is also important to consider the substructure and 
its clearance above the pond’s surface. If in the future individuals wish to bring small boats on the 
pond such as canoes or kayaks, then the bridge must provide sufficient clearance for them to pass 
under comfortably. Another consideration was the fact that heavy rain, runoff, or snow melt may 
cause a rise in the water level. It was necessary to consider all of these factors when cultivating 
various designs for the pedestrian bridge to evaluate which would best contribute to the community 
and improve the overall experience for those using the park. 
 
ECONOMICS 
The purpose of economics in design is to create the most cost-effective solution to the 
problem presented. In this case, the economics for a pedestrian bridge design in a local park were 
                                                
39 Zimmerman, F. (2000). Site Analysis (13th ed.). The Architect’s Handbook of Professional Practice. Retrieved 
from http://www.aia.org/aiaucmp/groups/aia/documents/pdf/aiab089275.pdf 
40 GEOTECHNICAL SITE INVESTIGATION GUIDELINES FOR BUILDING FOUNDATIONS IN PERMAFROST. 
(2010) (1st ed.). Retrieved from http://www.pws.gov.nt.ca/pdf/publications/GeotechnicalGuidelines.pdf 
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examined, and ultimately influenced the decision of a final design choice. Truss, arch, and 
suspension bridges all have advantages and disadvantages when it comes to economics, and 
evaluating each type was necessary to find the most cost-effective design. The member and span 
size, material cost and construction process for each of the design alternatives significantly impact 
the cost of the bridge.  Economics played a large part in determining which bridge is the most cost-
effective solution and were given credence in the ranking system for final design selection. 
 
ENVIRONMENTAL CONCERNS 
In order to ensure that there are no negative repercussions during and post-construction of 
the pedestrian bridge it is essential to consider the potential environmental impacts that a 
pedestrian bridge could have on Salisbury Pond and the surrounding area. With the aid of ArcGIS 
mapping capabilities, it was possible to identify wetlands areas, and protected species habitats in 
the park so that proper buffers are given to these areas ensuring that all design suggestions disturb 
as little of the natural environment as possible. It is possible that the structure could also be an 
appealing nesting site for birds if there are adequate spaces in the superstructure for their nests. 
For this reason, during the design process, it will be necessary to avoid geometric outlines that 
create crevices where birds could nest as the small twigs could present a fire hazard. In addition, 
bird droppings are heavily corrosive to metal and could damage the structural integrity of the 
bridge. The final design for the pedestrian bridge spanning Salisbury Pond should not have any 
detrimental effects on the natural environment if these environmental concerns are taken into 
account during the design process. 
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2.3 DESIGN TOOLS 
 
ARCGIS 
ArcGIS is a geographic information system (GIS) that works with geographic information 
to create and analyze maps. It is used to compile up-to-date geographic data and analyze the 
mapped information. ArcGIS uses a geodatabase which is an object-relational database, and stores 
spatial data to combine spatial features and attributes. This database may also contain 
topographical information, which maps the physical surface. It can model the behavior of physical 
features such as roads and intersections, and show the correlation between the features. With the 
information it provides, ArcGIS allows users to perform a thorough computational analysis of 
geographic patterns, find optimum routes and sites, and complete advanced predictive modeling41. 
It is even possible to use ArcGIS along with AutoCAD to streamline information between the two 
software systems and view updated and detailed maps in AutoCAD that incorporate the GIS 
analysis results in AutoCAD designs42. 
 
AUTOCAD 
AutoCAD is an Autodesk software application for 2D and 3D computer-aided design and 
drafting. In this case, AutoCAD can be used to draft members of the pedestrian bridge, the bridge 
unit as a whole, and the surrounding site. Civil 3D, an AutoCAD software designed specifically for 
civil engineers, uses a capability called surfaces to digitally create or replicate the site in the 
software. It was possible to model a site at Institute Park and combine the AutoCAD drawings with 
it. This provided a to-scale model of the bridge and site design for enhanced visualization and 
analysis. Civil 3D is also a useful tool to model where utility lines run, or other additional 
constraints such as existing or environmental conditions. GIS information may be directly 
imported into an AutoCAD model to better represent the existing topography of the land around 
the project site.  
 
ROBOT  
Robot is another platform in Autodesk that may be utilized to design structures. New 
technology for designing civil infrastructure in Building Information Modeling (BIM) has been 
emerging 43 . BIM is a process that generates and manages digital representations that allow 
professionals to efficiently plan, design, and construct projects. AutoCAD, drawing (DWG) files 
containing subdivision surfaces and solids may be imported into Revit and used as a part of the 
                                                
41 ArcGIS - Spatial Analysis. (2016). Esri.com. Retrieved 28 September 2016, from 
http://www.esri.com/products/arcgis-capabilities/spatial-analysis 
42 ArcGIS for AutoCAD Overview. (2016). Esri.com. Retrieved 28 September 2016, from 
http://www.esri.com/software/arcgis/arcgis-for-autocad 
43 Bridges & Tunnels | BIM For Civil Infrastructure | Autodesk. (2016). Autodesk.com. Retrieved 28 September 
2016, from http://www.autodesk.com/solutions/bim/civil-infrastructure/bridges-and-tunnels 
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Robot design44. Therefore, a drawing file contains accurate, detailed site surfaces that may be 
imported and linked into Robot in order to create a 3D model of a bridge or building, to-scale. This 
three-dimensional rendering can also be used to do structural analysis to optimize all sections of 
the design.  
 
RISA 
RISA is a structural design and optimization software. RISA allows users to analyze 
structures from simple beams to trusses and shear walls. The software has the capability to model 
the structure and its loading and calculate the joint reactions and deflections. Once the structure is 
solved, the axial, shear and moment diagrams can be displayed, as well as the deformed shape. 
Users can then easily understand the behaviors of the structure and model it under different 
conditions. RISA contains the most recent steel, concrete, and timber design codes, and has  the 
capability to analyze multi-material problems45. RISA is a useful tool when looking at different 
beam or truss configurations and sizes. New shapes, sizes, and various other properties may be 
adjusted very quickly which speeds up the design process. RISA was used in combination with 
hand calculations as a second check to verify that member choice and configuration is sufficient.  
 
 
ESTIMATING APPLICATIONS 
Estimating software, such as Timberline, can be used to determine project costs. Timberline 
allows users to break up categories of materials used on a project and estimate them separately, so 
steel can be estimated independently from concrete or another material.46 This software requires 
the input of the unit costs for each material and the input of the quantities of those materials. Excel 
can also be used for estimating but will require the creation of a unique spreadsheet that allows the 
entry of unit costs and quantities. One method to check the quantities of the project is to do a 
quantity takeoff in a program such as On-Screen Takeoff (OST)47. Programs like OST provide a 
secondary check to make sure that the quantities entered are correct and that the estimated cost of 
the project is accurate.  
 
 
                                                
44 About Importing or Linking CAD Files | Revit Products | Autodesk Knowledge Network. (2016). 
Knowledge.autodesk.com. Retrieved 28 September 2016, from https://knowledge.autodesk.com/support/revit-
products/learn-explore/caas/CloudHelp/cloudhelp/2016/ENU/Revit-Model/files/GUID-630EC38E-37FE-41BC-
8369-2238825BF4F6-htm.html 
45  RISA-2D - Structural Engineering Software for Analysis & Design. (2016). Risa.com. Retrieved 28 September 
2016, from https://www.risa.com/p_risa2d.html 
46 Sage Estimating (formerly Sage Timberline Estimating) Software. (n.d.). Retrieved February 27, 2017, from 
http://www.softwareadvice.com/construction/sage-timberline-estimating-profile/?layout=var_so1 
47 Takeoff Software | On Center Software. (n.d.). Retrieved February 27, 2017, from 
https://www.oncenter.com/products/on-screen-takeoff 
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3.0 METHODOLOGY  
3.1 ARCHITECTURAL DESIGN WORK 
 
 
SITE ANALYSIS 
To develop a structurally successful design it was necessary to complete a thorough 
analysis of the existing condition on the site before any major design decisions were made. There 
were two different components to the comprehensive site analysis. First, a walkthrough was 
completed to catalog as much information as possible and to capture visual aids for the design 
process. Figure 10 shows the portion of Institute Pond that the proposed pedestrian bridge will 
span. 
Figure 10: Picture of Institute Pond 
 
Then ArcGIS information was used to develop maps detailing the different aspects of the 
site such as topography, geotechnical concerns, wetlands, utilities structures and the immediate 
surroundings. Figure 11 is one of the products of the ArcGIS analysis and shows the protected 
wetlands, existing structures, elevations, and water bodies on the site.  
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Figure 11: ArcGIS Analysis (Wetlands) 
 
After the site walkthrough was completed it was then possible to see any discontinuities 
between the information gathered from personal experience and the information provided by the 
state of Massachusetts through ArcGIS. The reference text, Geotechnical Engineering Principals, 
and Practices was used as a guide when designing the foundation and piers for the structure. The 
text was applicable after the soil types were identified from the site analysis and from the Web 
Soil Survey provided by the USDA Natural Resources Conservation Service. The information in 
this report identifies the engineering properties and physical properties of the soil in the park. This 
made it possible to calculate the allowable bearing capacity of the soil which was essential in the 
design of the abutments and piers for each variation of the bridge designs. The full report 
containing extensive soil data for the site can be found in Appendix B. Further research was also 
conducted into the local climate and seismic activity of the area. To evaluate the seismic activity 
in the region, the method outlined by ASCE7-10 was utilized in conjunction with data from the 
USGS to develop a report that displays the severity of the seismic activity on the site. The seismic 
data report can be found in Appendix C. This report was later used to determine the lateral loads 
acting on the structure due to seismic activity to ensure that the structural design of the pedestrian 
bridge was strong enough. The calculations for these loads follow the framework found in ASCE 
7-10 and can be found in Appendix D. The completion of the site analysis allowed the technical 
design of the pedestrian bridge to move forward so that the structure is compatible with its 
environment and withstands the test of time.  
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CONCEPTUAL DRAWINGS 
The initial stage for the design of the pedestrian bridge at Institute Park was to create a 
series of concept drawings that represent the geometric layout of the structure. Once complete, 
hand drawn concept sketches for the beam, arch, and cable-stayed bridges were used to investigate 
each design's level of compatibility for the site. This is an imperative first step in the design process 
as it is impossible to design structural elements for a system if one does not know its geometric 
configuration. When formulating the various conceptual designs for the system there are numerous 
perspectives to factor into the creative process including its aesthetic design and its visual 
compatibility with neighboring structures. After the concept drawings were complete, it was 
possible to dive deeper into the specifics of the analytical design of the pedestrian bridge.  
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3.2 STRUCTURAL DESIGN WORK 
 
LOADING CONDITIONS 
After the site analysis was complete, it was possible to determine the types of loads that 
would be acting on the pedestrian bridge. Using ASCE 7-10 the snow load was calculated to be 
30.24 psf and the wind load was calculated to be 8.2 psf. The detailed calculations can be found in 
Table 2.  
   Table 2: Key Parameters for Loading Conditions 
 
Based on a pedestrian bridge design manual, it is widely observed that the average 
pedestrian load used in the design is 90 psf. This pedestrian load was considered in full, but also 
considered as a moving load since the pedestrians will be traveling across the structure. Several 
loading combinations and basic load cases were used in RISA to analyze the envelope of the shear 
and moment on the structures. The envelopes included effects of all loading conditions including 
wind, snow, and other stationary loads. This means that the worst case moment and shear values 
were determined, as well as their locations. The maximum absolute shear and moment values were 
then used to size the members. The maximum shear and moments are located in Table 3 below. 
Each of the bridge superstructures was analyzed to determine which of the maximum shear and 
moment values would govern in each case. For example, 17 load combinations were analyzed for 
the beam bridge, while 8 load combinations were analyzed for both the cable-stayed and arch 
designs. The beam bridge underwent more analysis to see how each of the four spans would behave 
with loads imposed on several load patterns. Each structure behaved differently to the load 
combinations though, which is why numerous analyses were performed independently. The results 
and corresponding information can be found in Appendix F.  
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Figure 12: RISA Shear and Moment Diagram 
 
 
Table 3: Maximum and Minimum Shear and Moment for All Alternatives 
 
 
 
 
 
 
 
 
 
 
SUPERSTRUCTURE DESIGN 
Once the expected loading and loading combinations were determined for the pedestrian 
bridge, superstructure designs were completed. ASCE 7-10 Minimum Design Loads for Buildings 
and Other Structures aided in determining of loading combinations. The superstructure is the part 
of the bridge that is above the foundations and abutments, and its design varies greatly depending 
on design type and material. Since multiple alternatives are being investigated, multiple 
superstructures were designed. The bridge types and materials used for each design were 
determined and resources for each were referenced. This includes the ASD/LRFD Manual for 
Engineered Wood Construction, Wind and Seismic provisions, and all other supplements and 
addendum. The textbooks, manuals, and handbooks listed in Table 4 were used to design 
superstructures of an arch, cable-stayed and precast alternative for the pedestrian bridge. 
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Table 4: Design Reference Texts and Purposes 
 
Reference Text Purpose 
AISC Steel Construction Manual (14th Ed.) Steel specifications and design criteria 
McCormac and Csarnak’s Structural Steel 
Design textbook (5th Ed.) 
Examples of steel design problems 
Hibbeler’s Structural Analysis textbook (8th 
Ed.). 
Examples of structural analysis problems  
Nilson’s Design of Concrete Structures (14th 
Ed.), 
Examples of concrete design problems  
ACI manual- ACI 117, 224 Concrete specifications and design criteria 
PCI handbook Prestressed concrete specifications and design 
criteria 
 
 
 
SUBSTRUCTURE DESIGN 
For each superstructure configuration for the pedestrian bridge in Institute Park, there was 
a need for supplemental substructure design detailing the abutments, piers, and foundation. Once 
the site analysis revealed the topography of the site, the calculations governing the loads on the 
superstructure were completed, and the members were sized for each geometric design, it was 
possible to design adequate abutments, piers, and foundations to support the superstructure in the 
unique environment at Institute Park. To aid in the design process the ArcGIS imagery and geology 
analysis was necessary. The soil survey for the park showed that the pedestrian bridge would rest 
on two different types of soil. Figure 13 shows the area of interest that was used to generate the 
web soil survey provided by the USDA. A summary of the engineering and physical properties for 
the soil types can be found in Tables 5 and 6 while the detailed data can be found in Appendix B. 
The soil profiles for the associated soil types can be found in Figures 14 and 15. The key soil 
parameters investigated were the USDA texture, percent sand, percent silt, percent clay, liquid 
limit, plasticity index and AASHTO classification.  An Excel spreadsheet was created that 
considered the key parameters of the soil as well as bearing capacity. The spreadsheet enabled 
multiple options to be observed and the selection of the most fit.   
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Figure 13: AOI for USDA WSS 
 
        
Figure 14: Profile of Soil Type 255B 
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Figure 15: Profile of Soil Type 305B  
 
Table 5: Properties for Soil Type 255B 
 
Depth 
(in) USDA Texture 
% 
Sand 
% 
Silt %Clay 
Liquid 
Limit 
Plasticity 
Index AASHTO 
0-1  
Moderately decomposed 
plant material, highly 
decomposed plant 
material, slightly 
decomposed plant 
material  
- - - - - A-8 
1-3  Loamy sand, loamy fine sand, fine sand, sand  85 14 1 30 2 A-2-4 
3-25  
Loamy sand, loamy fine 
sand, fine sand, sand, 
coarse sand, loamy 
coarse sand  
85 14 1 23 4 A-2-4, A-3 
25-65  
Gravelly coarse sand, 
coarse sand, loamy sand, 
sand, fine sand, loamy 
fine sand  
94 6 0 20 4 A-2-4, A-1-b, A-3 
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Table 6: Properties for Soil Type 305B 
 
Depth 
(in) USDA Texture 
% 
Sand % Silt %Clay 
Liquid 
Limit 
Plasticity 
Index AASHTO 
0-8  
Fine sandy loam, loam, 
gravelly sandy loam, 
gravelly fine sandy 
loam  
61 32 7 29 3 
A-1, A-7, A-
4  
8-15  Gravelly sandy loam, fine sandy loam, loam  61 32 7 21 3 
A-2, A-1, A-
6, A-4  
15-26 Fine sandy loam, loam, gravelly sandy loam  61 32 7 19 3 
A-2, A-1, A-
6, A-4  
26-65  
Gravelly sandy loam, 
gravelly fine sandy 
loam, fine sandy loam, 
loam, gravelly coarse 
sandy loam  
61 32 7 18 3 
A-1, A-6, A-
4, A-2-4  
 
 
The Geotechnical Engineering Principals book was used as a reference text to analyze the 
soil stability in the region, and the textbook, Foundation Design Principals and Practices was used 
as a reference to design the foundations. The substructure design was visually based on the 
conceptual aesthetic design and the analytical design decisions made for structural stability was 
dependent upon the data gathered from the site analysis and the calculations made for the 
substructure design.  
 
BRIDGE DESIGN VERIFICATION 
As a secondary check to verify that the analytical design derived from hand calculations is 
structurally sound, a three-dimensional rendering and analysis model of the structure was created. 
Using ArcGIS, a two-dimensional model of the site and its characteristics was created to verify 
the geological profile of the area and to pinpoint the location of wetlands and protected water 
bodies. This was done in order to design a structure that would have the least possible impact on 
the surrounding natural environment. Then in AutoCAD, a three-dimensional digital image of the 
bridge was drawn to scale based on the necessary span dimensions determined from the ArcGIS 
data. This file was then imported into Robot to make use of its visual rendering and structural 
analysis capabilities. To analyze the loading conditions for each structure RISA was utilized and 
this data was imported into Robot to then verify that the previously chosen section geometries 
could withstand the forces acting on them. The three-dimensional structural analysis tool built into 
Robot made it possible to ensure that the structure was sufficient for the span and loading 
conditions. The Robot analysis and model was completed for the arch alternative only. The 
generated report was a comprehensive gravity analysis for the given structure including load data 
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and a visualization of how the load is carried throughout the structure. When working through the 
hand calculations RISA proved to be very helpful to quickly verify calculations within the structure, 
but the three-dimensional models created in Robot provided a complete picture of how the bridge 
will function as a whole on the site.  
 
BRIDGE IMPACT 
To minimize the negative impact, the new structure will have upon its surrounding 
environment, its footprint on the local environment was studied to proactively avoid any negative 
impacts and mitigate them if they are unavoidable. To determine the effect that construction may 
have, the impact of machinery on the land surface surrounding the structure, the time required to 
complete the project, the proximity to residential spaces, and the access points to the site where 
traffic will be delayed were all considered. Additionally, ArcGIS was used to determine if there 
are any existing utility lines that could be disturbed during construction. As there is a wetland 
located within the site, it was necessary to determine whether or not there are any specific permits 
required to build close to the area. The location of the wetland was also taken into account when 
the precise location of the bridge was determined to disrupt as little of the natural ecosystem as 
possible. 
Once the impact that the physical construction of the bridge would have on the environment 
was assessed, the possible cultural implications of the bridge were investigated. The structure’s 
aesthetic design may have a positive impact on tourism in the area and even boost overall 
attendance in the park. One may also see an increased use of the previously isolated recreation 
field. The space could also then be used as a venue for more programmed events assuming that the 
structure makes the area more inviting to the public. All of these were investigated to determine 
the extent of the impact the pedestrian bridge could have on the community neighboring Institute 
Park. 
A visual of the negative impacts of the structure due to its construction and lifetime use 
can be found in Figure 16 A-C. Here one can see the precise location where the pedestrian bridge 
has been proposed to minimize its negative impacts on the existing ecology of the pond. 
Additionally, enlargements A, B and C show the perceived environmental impact of the Precast 
(A), Cable-Stayed (B), and Arched bridge (C). Hatched sections in red are the pier and tower 
support locations, their construction and maintenance were determined to have the worst perceived 
impact on the water body. These elements of the structure are very intrusive to the natural 
environment as their construction requires the use of framework and special equipment that could 
contaminate the pond. The orange hatched sections denote the approximate section of soil that 
would need to be disturbed in order to construct the abutments. Due to the fact that this element of 
the structure would not be interfering with the wetland to the same extent as the piers, this was 
perceived to be less detrimental to the natural environment. Finally, the yellow hatch was the area 
of the pond that would be directly affected by routine maintenance like salting and painting. 
Although these activities can pollute the pond, they are not as harmful to the natural environment 
because they only happen periodically.  
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Figure 16 A-C: Bridge Location and Impact 
 
  
  35 
3.3 EVALUATION STAGES 
 
EVALUATION MATRIX 
Once the preliminary bridge alternatives were conceptualized and designed, an evaluation 
matrix was created and used to determine which of the alternatives would be selected. 
Preliminary cost estimates were created for each of the alternatives and later a final cost estimate 
was detailed for the selected design. Cost was one of the considered criteria in the evaluation. 
The other criteria were environmental impact and sustainability, constructability, social capital, 
and aesthetics. The bridge alternatives were ranked based on these categories and each received a 
number grading. Once graded, the alternatives were compared against one another and the 
highest-ranking alternative was selected as the most ideal.  
COST ESTIMATE 
Cost was an important factor in determining which of the bridge alternatives was going to 
be selected. A preliminary cost estimate was created for each of the alternatives and did not 
consider certain aspects, like bridge finishings or foundation. When the arch alternative was 
selected as the most ideal bridge for this location and purpose, a more in-depth cost estimate was 
completed that included finishing and other finalizations that was not considered before. The 
complete design package cost estimate included the final cost of the bridge as well as amenities 
that were to be included with it. 
OTHER AMENITIES 
 When creating the design package for this project, it was imagined that along with the 
new pedestrian bridge, other amenities would be constructed as well. The design package 
included multiple amenities that would complement the pedestrian bridge in improving Institute 
Park’s circulation and appearance. Amenities were to include pathwork and lighting for the park, 
picnic and bench areas, a playground for community use, and an aesthetic water fountain. In 
addition, a bike-sharing system was added to the package because it will promote the community 
to use bicycles instead of vehicles, and to be active. When determining how the amenities would 
be selected, sustainability was a major consideration. Amenities were selected based on the 
impact they would have to the environment as well as the park. Recycled materials were very 
favorable because they are more environmentally-friendly compared to materials that are not 
recycled. Materials like this were determined to be useful for benches and picnic areas, and a 
more natural pathwork system was determined to be beneficial.  
 
ADDITIONAL ACTIVITIES 
 Additional activities were completed to address the project as a whole. A schedule was 
created in order to reflect the idea of the ideal time-frame and conditions that the bridge would 
be constructed and other amenities implemented. It was used as an example of how a real-world 
construction schedule may be formed. 
  36 
4.0 PRECAST BRIDGE DESIGN  
Figure 17: Precast Bridge Design Flow Chart 
 
The precast bridge alternative included the design of the structural slab, piers, and end 
supports. The slab was designed as a typical one-way slab with a length of 10’, which is the width 
of the bridge. The slabs span 40’ in length and have a depth of 6”, and there are four total that span 
the across bridge. The concrete slab was considered with both flexural reinforcement and 
temperature and shrinkage control reinforcement. It was determined that #4 rebar at 15” spacing 
was sufficient for the temperature and shrinkage control with the same reinforcement and spacing 
normal to that for the flexural design. Rebar reinforcement strengthens the concrete in tension, 
while also adding ductility to the member. The specified rebar size and spacing was based on 
calculations depending on the total moment on the member. There were 17 loading combinations 
that were analyzed for this design, resulting in a maximum shear of 59 k and a maximum moment 
of 416 k-ft. This analysis is located in Appendix E. The flow of work necessary to complete the 
design for the precast bridge is shown in Figure 17. A cross section of the designed structure can 
be found in Figure 18. A three-dimensional rendering of the structure can be found in Figure 19.
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Figure 18: Schem
atic C
ross Section of Precast B
ridge 
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Figure 19: 3D
 R
endering of Precast B
ridge 
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5.0 CABLE-STAYED BRIDGE DESIGN 
Figure 20: Cable-Stayed Bridge Design Flow Chart 
 
The cable-stayed alternative included the design of the structural slab, steel girders, end 
supports, and a tower and cable system. The slab design process was the same as for the precast 
design, in that it is a one-way slab with a length of 40’. The deck spans the width of the bridge and 
extends over the entire length. It has the same 6” slab thickness with the same flexural and 
temperature and shrinkage control reinforcement. The girder system was designed with three 
W8x10s spanning the entirety of the bridge length and connecting to the end supports. The three 
girders are equidistant from one another and carry the load from the deck and applied loads based 
on tributary area. Additionally, there is a cross girder at the mid-span of the deck.  The cable system 
was designed in a radial pattern, meaning the cables all lead up to one connection point on the 
tower but fan out to the roadway. To determine an optimal cable size for the superstructure, the 
tension in each wire was calculated based on the tributary area each cable would control, its angle 
in relation to the bridge and the loads acting on the bridge. This method was outlined in a study 
completed at the Massachusetts Institute of Technology by Elizabeth Davalos48  and made it 
possible to determine the required cable size needed to withstand the loads acting on the deck. The 
manufacture information provided by TriPyramid was used as a guide for the tensile strength of 
each cable size. Calculations showed that a Standard Galvanized Structural Strand having a 
diameter of 0.75 inches would be sufficient for the cables to carry the given loads. The cables will 
be connected to two 1’x1’ steel towers, one on either side of the structure. Eight load combinations 
were analyzed in RISA for this design, resulting in a maximum shear of 10.3 k and a maximum 
moment of 12.8 k-ft. See Appendix E for this analysis. The flow of work necessary to complete 
the design for the cable-stayed bridge is shown in Figure 20. A cross section of the designed 
                                                
48 Davalos, E. (2000). Structural Behaviour of Cable-stayed Bridges (1st ed.). Cambridge: Massachusetts Institute of 
Technology. Retrieved from https://dspace.mit.edu/bitstream/handle/1721.1/80924/47088666-MIT.pdf?sequence=2 
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structure can be found in Figure 21. A three-dimensional rendering of the structure can be found 
in Figure 22. 
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Figure 22: 3D
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6.0 ARCH BRIDGE DESIGN 
Figure 23: Arch Bridge Design Flow Chart 
 
The arch alternative included the design of the structural slab, structural steel and end 
supports. The slab design is a similar process to that of the other two designs, with a slightly 
different arched geometry. It was still determined that the slab was 4” thick. This arch system 
utilizes three 12x12x5/8 hollow structural steel (HSS) members that connect to the end supports. 
See Appendix G for an illustration of this design. The arch design was analyzed in RISA for eight 
loading combinations to determine where the maximum shear and moment occurred. This analysis 
resulted in a maximum shear of 12.3 k and a maximum moment of 135.2 k-ft. See Appendix E for 
full analysis and Appendix F for calculations. The foundations were determined to be two-foot 
wide strip footings at either end of the structure. The depth of the foundation was determined to 
be 5’ in order to combat the effects of freeze-thaw cycles on concrete. The flow of work necessary 
to complete the design for the arch bridge is shown in Figure 23. A cross section of the designed 
structure can be found in Figure 24. A three-dimensional rendering of the structure can be found 
in Figure 25.
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Figure 25: 3D
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  7.0 EVALUATION AND ANALYSIS OF ALTERNATIVES AND 
SELECTION 
 
COST ESTIMATION 
The preliminary cost of each design alternative was estimated based on material, 
transportation, and construction costs. Each of the designs were investigated and a cost estimate 
was formed based on material types and quantities, connection types and quantities, shipping and 
assembling costs, and construction time and labor required. The shipping and assembling costs 
depended heavily on whether the bridge is partially or fully prefabricated, or if it is constructed 
completely on site. The time and labor required to construct the bridge varies based on design also. 
For example, welded connections are a great deal more expensive than bolted connections because 
they require skilled workers. These variations result in each of the alternatives having its own 
independent cost estimate. These cost estimates come from the unit prices of materials used in the 
construction. The RSMeans Building Construction book was a suitable reference for the prices of 
the materials and labor that are to be used in the design alternatives. Since trial versions of cost 
estimating software were unavailable for use, Excel was used to create estimates with the unit 
prices and quantities. If for some reason cost estimation software was not compatible, the cost 
estimate was manually calculated in Microsoft Excel, which was equally as effective. During the 
design process, the quantities of each component were recorded to be used in the cost estimation 
software. The cost was determined by the product of unit prices of the items and quantities of the 
items. Essentially, every part of the bridge design was accounted for in the cost.  
When the alternatives were completed, a clear winner was chosen, based on cost and other 
criteria, the final design will be detailed and associated costs were also estimated. The final design 
included features like LED lighting, handrails, and other aesthetic detailing of the bridge.  If there 
were other finishing touches to add to the chosen bridge design such as paint and/or protective 
coats, it was accounted for in the final cost. Table 7 shows the detailed cost estimate.   
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Table 7 : Preliminary Cost Estimate 
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COMPARATIVE CHART 
A comparative chart was created to assess and rank each of the bridge design alternatives. 
The highest ranking, or winning, bridge design was chosen for final design and design package 
recommendation. There were four main categories by which the different designs were evaluated: 
economics, environmental impact, constructability, and aesthetics. Each design was evaluated 
relative to one another and given a specific number grade for each aspect of the four main 
categories to show how well it was expected to perform in each area. The importance of each 
criterion was weighed equally against one another. Study of previous attempts to renovate Institute 
Park provided insight as to which aspects of a pedestrian bridge design would be most valued by 
the members of the local community and are outlined in the comparative chart. The design with 
the highest cumulative score was perceived to be the best fit for the site. The grading criteria were 
laid out in a chart to provide a clear visual that indicates the highest-ranking design. Table 9 is the 
comparative chart, and Table 8 shows a description each of the five major grading categories to 
provide a definition and the criteria for awarding high marks. Tables 10-14 go into further detail 
about the sub-categories.  
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Table 8 : Description of Main Categories and Grading Criteria 
 
Categories Detailed Description 
Environmental 
Impact and 
Sustainability 
The cost to the surrounding ecosystem that will have to be paid over the lifetime of the structure. 
The optimal structure has no negative impacts on the surrounding natural environments at all 
phases of its life. The natural equity considered for this category included both natural habitats 
and communal resources such as air and water quality.  
Cost 
The funding source for this project has not been determined; however, whether there is a private 
benefactor who is willing to support the project or the local municipality decides to adopt the 
project, it was important to identify the lowest cost alternative. The design receiving the highest 
scores in this category has the lowest cost for both its construction and life-cycle cost.  
Constructability  
The ease of construction for the design was deemed important as it would extend the 
construction timeline of the structure and lengthen the design process for engineers. The 
simplest designs and those which could be constructed simply were given high marks in the 
category.  
Social Capital 
This represents the growth in the community as a result of the construction of a pedestrian 
bridge and amenity improvements in Institute Park. This includes but is not limited to a design’s 
ability to integrate with community events, increase the quality of life for neighboring residents 
and positively affect local real-estate values. The design scoring the highest in this category 
was perceived to have the ability to create the most positive change in the surrounding 
community.  
Aesthetics 
The geometric configuration of each structure was judged to determine which had the greatest 
potential to elevate the visual environment of the surrounding community. An importance was 
placed upon the structure’s visual collaboration with the existing architecture, its innovative 
design components and its ability to attract more visitors to the park.  
 
 
Note: These main categories were chosen as evaluation criteria based on the goals of previous 
renovation efforts and the success of recent innovations in Urban Park construction. Each criterion 
is broken down further into sub-categories in the comparative chart. A detailed description of each 
sub-category can be found in Tables 10-14.  
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Table 9: Comparative Chart 
 Evaluation Criterion Cable-Stayed Arch Precast 
Environmental 
Impact and 
Sustainability 
Construction  2 4 2 
Standing Structure 3 5 2 
Maintenance  3 3 3 
Cost 
Materials and Labor 2 3 4 
Maintenance  2 3 2 
Useful Life 4 4 3 
Constructability  
Time  2 3 4 
Level of Difficulty  2 3 5 
Necessary Machinery 
and Labor  
2 3 4 
Social Capital 
Accessibility 5 2 5 
Field of View 3 5 5 
Integration with 
Community Events 
3 5 2 
Iconic Potential 5 4 2 
Aesthetics 
Match with Existing 
Environment  
3 5 2 
Display of Community 
Values 
2 5 2 
Effective Use of 
Lighting  
5 4 2 
Score Total 48 63 49 
 
 
Note: All points were awarded on a scale from 1-5 with 1 being extremely undesirable to 5 being 
very desirable. A grade of three was awarded to aspects of a design that were judged as neutral, a 
grade of five was awarded when an aspect of a design was optimal for the scenario and a grade of 
one was awarded when an aspect of a design was perceived to have negative effects on the entire 
project. The design with the highest cumulative score is judged to be the best fit for the site. 
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Table 10: Description of Environmental Impact Grading Criteria 
 
Categories Evaluation Criterion Detailed Description 
Environmental Impact 
and Sustainability 
Construction  
The degradation of the existing ecological systems as a result of the 
initial construction of the structure. Designs receiving the best marks 
in the category need limited heavy equipment to be constructed, 
disturb the wetland and water body as little as possible and do not 
harm resident species of the park.  
Standing Structure 
The materials and geometric design of each structure were evaluated 
to determine their capability to negatively impact the local 
environment. Designs receiving the best marks in the category do not 
use materials that are harmful the local ecosystem, do not have areas 
on which birds can nest, and do not disturb the wetland and water 
body.  
Maintenance  
Each design requires different maintenance techniques to ensure that 
the structure is in its best working condition. Maintenance techniques 
such as repainting and salting during winter were analyzed to 
determine their impact on the ecology of the pond. The required 
maintenance of the highest scored design inflicts little to no harm to 
the environment.  
 
 
Evaluation of Environmental Impact: Analysis for this category showed that the arched 
design would have the least environmental impact on its surroundings. Since this structure has no 
support elements entering the main water body, the ecosystem in the pond will not be disturbed 
during construction or over the lifetime of the pond. The seasonal maintenance on the structure 
was also considered for each as the salts used to melt ice on pathways could pose a threat to the 
organisms in the pond.  
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Table 11: Description of Cost Grading Criteria 
 
Categories Evaluation 
Criterion 
Detailed Description 
Cost 
Materials and Labor 
The per unit cost of each material with labor used for the various 
design options was analyzed to determine which structure had the 
greatest material cost. The estimated timetable for design and 
construction was used to decide which structure would have the 
greatest labor cost. Designs scoring well in this category had a low 
material and labor cost.  
Maintenance  
Maintenance techniques such as repainting, material replacement, 
and salting during winter were analyzed to determine its impact on 
the overall cost of the project. The required maintenance of the 
highest scored design has the lowest operational cost.  
Useful Life 
The length of time over which the structure can be used without 
presenting a health risk to the community. Designs scoring well in 
this category had the longest useful life.  
 
 
Evaluation of Cost: The analysis in this category showed that the precast and arch bridges 
would be most feasible in terms of cost-efficiency. Considerations had to be made for types of 
materials that would be used, transportation that would be required, and types of labor needed. For 
example, the precast option doesn't carry as high of an onsite labor cost but needs to be 
prefabricated at a plant and transported to the site. The arch bridge has a lower cost because it 
spans the length of the pond and does not require any drilling for piers.  
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Table 12: Description of Constructability Grading Criteria 
 
Categories Evaluation 
Criterion 
Detailed Description 
Constructability  
Time  
The length of time required to construct the pedestrian bridge. The 
highest scoring designs in the category require the least amount of 
time to construct.  
Level of Difficulty  
This was judged upon the complexity of the design, the perceived 
difficulty of the engineering work needed to complete the design 
plans and the problems this could present for contractors in the 
field. The highest marks in this category were awarded to the 
simplest designs with the lowest chance of an error occurring 
during field work.  
Necessary Machinery 
and Labor  
Based on the complexity of the design it was possible to estimate 
the amount of labor that would be required and the types of 
machinery that would be necessary to complete the project. 
Designs without a need for specialized machinery or extensive 
labor were given the best marks in this category.  
 
 
Evaluation of Constructability: The analysis in this category showed that the precast bridge 
would be the most feasible in terms of constructability. As all parts of this structure could be made 
from standard industry sizes that could be manufactured off-site, the design, manufacture, and 
transportation stages of its construction would be far less extensive than the other proposed 
designs. Additionally, the assembly process would not require the use of specialized machinery.  
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Table 13: Description of Social Capital Grading Criteria 
 
Categories Evaluation 
Criterion 
Detailed Description 
Social Capital 
Accessibility 
Optimally, the pedestrian bridge would be able to be used with 
ease by all individuals, including those with disabilities. For this 
reason, the designs that had a shallow slope were given the best 
marks in this category, which indicates that those in wheel chairs 
would be able to use the walkway with ease.  
Field of View 
To provide the best view of the park to pedestrians utilizing the 
bridge, the structure that elevated the individual above their initial 
viewpoint and did not obstruct their view with elements in the 
superstructure was deemed optimal.  
Integration with 
Community Events 
In previous plans for the renovation of Institute Park, city officials 
voiced their desire for the park to be used as a recreational space 
for boating and community events. For this reason, structures with 
the required clearance for small, man-powered boats were given 
the best marks in this category.  
 
 
Evaluation of Social Capital: The best scoring design in this category was the arched 
bridge. This structure received extremely high marks in the field of view category because it 
elevates the pedestrian above the water level giving them a panoramic view of the lake on the 
crown of the arch. Additionally, it was perceived that the community would be able to integrate 
the structure into local events and draw more visitors into the park. The structure has enough 
clearance off of the water such that small boats would be able to cross beneath it. This could be 
very beneficial if the community wishes to sponsor events like “WaterFire” or install a boat dock 
at a future time.  
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Table 14: Description of Aesthetics Grading Criteria 
 
Categories Evaluation 
Criterion 
Detailed Description 
Aesthetics 
Iconic Potential 
In an effort to attract more visitors to the park, the innovative 
nature of each design and its potential to become a landmark in the 
city was judged. Designs that displayed the greatest innovation 
received the best marks in this category.  
Match with Existing 
Environment  
To ensure that the structure and amenities worked together in their 
visual appeal with the existing elements in the park and local parks, 
the architecture of the local environment was studied and 
incorporated as best as possible into the aesthetics of the structure. 
The highest rated designs contain similar architectural elements to 
the surrounding environment.  
Display of 
Community Values 
Design elements that visually displayed community values such as 
sustainability, historic preservation and community collaboration 
awarded design options additional marks in this category.  
Effective Use of 
Lighting  
To add to the overall visual impact of the structure, in day-to-day 
use and during community events, LED lighting was proposed in 
a different layout in each structure. The designs with the greatest 
visual impact from this design detail gained extra points in this 
category.  
 
Evaluation of Aesthetics: The arched bridge design earned the highest grade for its 
aesthetic design. It was very important that the aesthetic design of the structure matched with the 
existing environment. This structure not only utilizes steel as many of the other amenities in the 
park but its arched shape mirrors the silhouette of other park bridges across Worcester. One can 
see from this structure that an effort was made to preserve the existing natural environment and 
remind the community of the original structure that Mr. Salisbury had erected before it. Lighting 
across the floor of the deck, at the base of the abutments and along the handrails will also add to 
this structure’s aesthetic appeal.  
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8.0 FINAL DESIGN PACKAGE  
 
The final design package for the bridge and various amenities in the park as a whole was 
determined once the final bridge design was chosen. The comparative chart analysis shows that 
the most compatible design for the site is the arched bridge. It received the highest scores in four 
out of five of the main criteria categories and beat out its competitor design by fourteen points. 
Research into more sustainable parks was completed, and the amenities in those parks were 
investigated in order to determine if they would yield similar success if incorporated into Institute 
Park in Worcester. More research was also performed on similar parks in Worcester to see if there 
are any existing components from those locations could be incorporated into this new design at 
Institute Park to add character. This included but was not limited to finishings, like paint colors 
and textures, lighting and pathwork. Various amenities were investigated to determine if they could 
improve sustainability, accessibility and the user-friendliness of Institute Park, such as bike racks, 
water fountains, and LED lighting. Finally, a design package was compiled with the new 
pedestrian bridge design and various amenity options; it includes a final associated cost estimate 
for all of these new improvements. The design package includes a bike-sharing system, recycled 
plastic picnic tables, natural pathwork, a playground, benches, and lighting. The light posts and 
benches are to match the existing posts and benches that are in nearby parks like Elm, and will 
include “Institute Park” inscribed plates on the benches. Also included in the design package is 
lighting and decking for the bridge and informational plaques for park users. The cost breakdown 
of the design package can be found in Table 15. The final cost of the entire design package is 
$415,590. This cost includes both the amenities and the foot bridge in Institute Park. The cost just 
for the pedestrian bridge in Institute Park to be constructed was estimated to be $234,738. As a 
comparison, a smaller span bridge constructed in Elm Park known as the Myra Kraft bridge cost 
$139,000 to construct.49       
 The pedestrian bridge will connect the most popular sections of the urban park with areas 
that are currently underutilized. The structure’s geometric configuration will be strategically 
illuminated creating a visual centerpiece and a local landmark at all times of the day. An array of 
LED lights will be set into the deck of the structure and along the handrails to mark a clear path 
across the bridge even at night. Additionally, spotlights will be mounted at the end of the metal 
supports to illuminate the underside of the structure, improving the aesthetic appeal of the bridge 
and making it visible to paddlers and rowers. The railings on the pedestrian bridge should be made 
of glass or acrylic to minimize maintenance and discourage individuals from attaching objects to 
the structure. One can see the three-dimensional visualization of the proposed structure in Figure 
25. 
 New park amenities have the potential to prompt future use and elevate the quality of life 
for those living in the neighboring area. At the moment, the amenities at Institute Park do not cater 
                                                
49 Kane, M. (2017). Worcester honors philanthropist, city native Myra Hiatt Kraft with Elm Park footbridge. 
masslive.com. Retrieved 18 March 2017, from 
http://www.masslive.com/news/worcester/index.ssf/2015/12/worcester_honors_philanthropis.html 
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to children. This could be discouraging families from using the space. So, to encourage more 
families to visit Institute Park it was necessary to determine the optimal location for a playground. 
The proposed playground neighboring the tennis courts will make Institute Park a more child-
friendly environment. This location was chosen as there is enough of a buffer between the 
playground site and potential hazards such as the road and the lake so that children playing there 
will be safe. The gentle slope in the area is ideal for a children’s play space. 
 The addition of an aesthetic potable water fountain will further increase the visual appeal 
of the urban park and provide a convenient refreshment source for those using the park for 
recreation.  This also has the potential to encourage community members to be more active as it 
provides a picturesque location to take a break from a workout. The location of the water fountain 
was situated so that it would have maximum visibility from all corners of the park. This amenity 
will be visible from the top of the pedestrian bridge, from the picnic area, from the entertainment 
stage, along with the walkway on the western portion of the park, as well as from both Park Avenue 
and Salisbury Street. At the eastern end of Institute Park, a bike sharing system will be added to 
promote physical activity, decrease traffic congestion and lower carbon emissions in the city. A 
system similar to the Hubway bike sharing network in Boston is recommended for this area50. Such 
a system is both affordable and convenient for users and could even generate revenue for the city 
to pay for the improvements to the urban park. 
 In order to increase the park’s level of comfort and safety, benches and improved lighting 
will be added along the new pathwork. The benches should be of similar metal build as those in 
Elm Park with the exception of the personalized “Elm Park” logo which should be altered to read 
“Institute Park. All lamps along the stretch of new pathwork should be of the same make and be 
placed at the same distance as the existing lamps in the park. This will encourage individuals to 
traverse the entire area and to take advantage of all of the natural and artificial amenities the park 
has to offer. At the crest of the hill on the eastern side of the park, a picnic area will also be added 
to give local students and community members space to eat a meal, read a book or meet with 
friends in the outdoors.  
Finally, identified historic sites within park boundaries should be marked to preserve the 
historical significance of Institute Park for generations to come. Suggested historic sites to take 
note of include but are not limited to the Norse Tower and the location of the original footbridge. 
It is suggested that informational plaques be installed along the circular path to inform visitors of 
these sites of interests as well as indigenous flora and fauna. One can find the proposed location 
of primary park amenities in Figure 26. 
 If the proposed modifications to Institute Park are effectively implemented, this urban park 
can quickly become a popular recreation space and community hub for visitors and residents alike. 
Institute Park can become a cultural center in Worcester, a landmark destination for visitors, and 
the ideal space for neighboring residents to spend their free time if the changes outlined in this 
Major Qualifying Project are incorporated into the current park layout. 
                                                
50 Hubway: Metro-Boston's Bike share Program | The Hubway. (2017). The Hubway. Retrieved 26 February 2017, 
from https://www.thehubway.com 
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Table 15: Design Package Cost Estimate
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Figure 26: Proposed A
m
enities
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SCHEDULE 
A schedule of construction breakdown was created to provide a start and completion date 
estimate for the arch bridge and improvements. The schedule considered items like material 
transportation, prefabrication, and construction timing. The schedule was created as an example 
of how this construction could progress. Creating a schedule helps improve project 
constructability. Constructability improves because weather, traffic, or other factors can be taken 
into consideration and planned for, making the schedule more accurate or providing additional 
time for anticipated delays. The scheduling of the bridge construction was done in ideal conditions, 
with leeway in case of a delay or error. For example, construction would most likely be better in 
the spring and summer months because winter weather in Worcester is usually severe and 
unpredictable. The schedule could also include the construction and installation of new amenity 
options for Institute Park. Minor improvements, such as bike rack or water fountain installation, 
would be better completed after bridge construction is over so the schedule will account for 
simultaneously or consecutive construction activities and tasks. A visual for the estimated schedule 
can be found in Table 16. 
 
Table 16: Arch Bridge Construction Schedule 
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9.0 CONCLUSIONS AND RECOMMENDATIONS 
 
 The summation of this Major Qualifying Project yields a design package for the proposed 
improvements of Institute Park. The completion of the proposed improvements of Institute Park 
has the potential to contribute to improving the urban environment in Worcester, Massachusetts. 
The addition of a pedestrian bridge will increase the aesthetic appeal of the park, improve 
circulation, connect green space across the city, increase tourism, promote the use of Salisbury 
Pond, and bring life to underutilized segments of the park. The arch bridge spans approximately 
160 feet across the shortest distance of the pond, and connects one side of the park to the other. 
The final design package was priced around $415,590, of which $234,738 was for the bridge. 
 The objective of this MQP was to gain experience with a real-world engineering problem 
that addressed design from beginning to end stages. This capstone experience is meant to allow 
students to apply the knowledge they learn in the classroom to an applicable project topic of their 
choosing. Throughout the course of the project, which spanned three terms, the group learned 
much about what is involved in a large-scale project. We set goals from the beginning that included 
the investigation of the existing conditions and terrain in Institute Park, the analysis and design of 
different bridge types, and the determination of other park amenities and improvements. Overall, 
we met the goals and were able to gain background knowledge in the different processes that are 
involved in a design project.  The experience challenged us to find necessary and relevant materials 
to address and aid with the issues that arose during the project. This replicates a professional setting 
that requires individuals to consult with others, and find essential information in textbooks or 
design guides.  
  The MQP project has served as a graduation requirement, as well as preparation for the 
professional world. We had to work together closely to complete the project, while also assigning 
tasks that highlighted each members’ strengths. Any weaknesses that one team member had, the 
other made up for with strengths, which contributed to a cohesive and successful product. We had 
weekly meetings with the advisor and learned how to handle any scheduling conflicts that came 
up, as well as how to manage the deadlines set in those meetings. Conclusively, we put together a 
final design package of a pedestrian bridge and park amenities that satisfied degree requirements 
while also providing a gateway experience to the professional world. 
 We recommend future improvements to Institute Park to include a pedestrian bridge and 
the amenities outlined in this report. Salisbury Pond, located within the park, would benefit greatly 
by being dredged. This is because the pond is very shallow in some areas, and it would be 
beneficial to recreational users to have consistency with the water depths. It makes the water 
navigable, as well as cleans the weeds and rubbish from the bottom of the water body. Other 
recommended improvements include the addition of a small footbridge to a desirable bird-
watching location and information kiosks. The additional bridge location is show on Figure 26. 
The Friends of Institute Park organization has expressed interest in having a bird watching area 
among the wetland sanctuary, by constructing a small bridge to access this area. The information 
kiosks give a history on the park and all the wildlife that resides there. This is also another feature 
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that the Friends of Institute Park want in the park. Park users would be able to go the pavilion and 
learn any history or background via the kiosks located there. 
 Although this project investigated many aspects of the proposed renovation to Institute 
Park there is still room for further study. It could be beneficial for the park to investigate the 
potential of incorporating a boat ramp so that individuals could use small man powered boats like 
kayaks and canoes. Additionally, there is room for further study into the possibility of adding a 
botanical garden to boost park attendance and educate the public.  Park officials may also consider 
dredging the pond to deepen the water feature to improve the circulation of water and the health 
of the wetland.  
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Abstract  
 
 This capstone project investigated various pedestrian bridge design alternatives to span 
Salisbury Pond in Institute Park and proposed other critical park improvements. Three bridge 
alternatives were considered including a truss, arch and suspension design. The each alternative 
was analyzed to determine their compatibility on the site. Each of the three design alternatives 
were weighed against one another in a comparative chart, that included rating criteria such as 
economics, constructibility, and environmental impact. Through this is was possible to choose the 
best geometric configuration for the final design, specify the details of the structure, and compile 
a final cost estimate. Along with the bridge design, other park amenity improvements were 
investigated, and their associated cost was also considered. A final design package was created, 
including the selected bridge design and best park improvements, and recommended to city 
officials.  
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Introduction and Problem Statement  
 
 Institute Park is a green haven in the concrete jungle of Worcester, Massachusetts. Over 
the course of its life, it has been transformed from family farmland to an urban retreat for 
individuals to engage in cultural events, appreciate nature, and to participate in recreational 
activities. Although there have been various attempts to rehabilitate the park, today, Institute Park 
is not living up to its potential. Currently, there is a section of the land within the park that remains 
largely unused due to the poor circulation and maintenance. This area includes a recreation field 
in need to repair, a forested peninsula, and a wetland teeming with wildlife. With a few 
improvements, Institute Park can become a cultural hub in Worcester, a landmark destination for 
visitors, and an ideal space for neighboring residents to spend their free time.  
 The centerpiece of the redesign of Institute Park will be a pedestrian bridge. This structure 
has the potential to dramatically increase the overall aesthetic appeal of the park, increase the parks 
use with improved circulation, connect green space across the city, increase tourism, promote the 
use of Salisbury Pond, and bring life to underused segments of the park. In order to increase the 
overall circulation of Institute Park, the pedestrian bridge will connect the most popular sections 
of the space with those areas that are currently underutilized. Path work around the entirety of the 
park will be designed to encourage individuals to traverse the entire area and to take advantage all 
of the natural and artificial amenities the park has to offer. Numerous amenities will be added to 
the park to prompt future use of it and elevate the quality of life for those living in the neighboring 
area. To make the urban park more child-friendly, a playground will be proposed within the 
existing forested area. Benches and additional lighting will be suggested to increase the comfort 
and safety of the space. Aesthetic potable water fountains will be installed to add to the visual 
appeal of the urban space and promote physical activity. Locations for a bike sharing system will 
also be identified to further promote physical activity, elevate traffic congestion in the area and 
decrease the city’s overall carbon emissions. Finally, historic sites within park boundaries will be 
identified and displayed to preserve the historical significance of the urban space for generations 
to come. If these changes are effectively implemented in Institute Park, this urban park will quickly 
become a popular recreation space for visitors, residents and community events.  
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Background 
 
The Historical Significance of Institute Park 
Institute Park was created in 188751 when Stephen Salisbury III donated 17 acres of his 
family’s land to the city park’s commission to contribute to the open network forming in 
Worcester. Initially, it was thought that this space would be used primarily by the students of the 
Worcester Free Institute of Technology (now known as WPI), however, the entire Worcester 
community cherishes the space. The land generously donated to the city has transformed with time 
to meet the needs of its community, being used a place to appreciate the beauty of nature, hold 
public events, and undertake engineering experiments. The design one sees today is chiefly based 
upon the contributions of Stephen Salisbury III, a benefactor who believed that the park should 
allow for visitors to roam through the park with as much freedom as possible. 
When the land donated by Mr. Salisbury was transformed from simple farm land into an 
urban playground many structures were built to add to its appeal. There was a boathouse, tower, 
four gazebos, a bandstand, Tremont Columns, and a pedestrian bridge that granted pedestrians 
access to a small island in the center of the park. The footbridge was constructed in 1892 and 
measured 127 feet long by 12 feet wide. The construction of this feature was overseen by Stephen 
Salisbury III and stood for 30 years until a fire brought it down in 1922. Over time, many structures 
including a replica of the Old Mill in Newport, RI, and the children's playground have vanished 
from the park. In 1912 more land was donated to Institute Park by the Worcester Art Museum, 
however, most of this land now belongs to the Grove Street Fire Department or is being used as 
residential space. 
Salisbury Pond, the main water feature in the park, was not initially constructed for 
recreational use. This artificial lake that was the result of a dam erected by Stephan Salisbury II to 
provide power for the wire factory run by Ichabod Washburn. Over the years there have been 
numerous attempts to clean up Salisbury pond. Most recently, announced in June 201652, the 
Friends of Institute Park decided to spearhead an effort to perform an advanced bathymetric study 
of the pond to remedy the years of pollution that have plagued the water body. This task is the 
responsibility of the state’s Executive Office of Affairs and will hopefully elevate the pond 
environment to welcome those who may want to go out on boats or even host an event like 
“WaterFire” in Providence, RI.  
The Worcester Parks, Recreation and Cemetery Department along with WPI, the 
architectural firm Shepley Bulfinch, the Friends of Institute Park and various other benefactors 
began working together between 2004 and 2007 in order to revitalize the park. A master plan was 
devised that aimed to cultivate Institute Park as a community resource and cultural center, build 
new walkways to connect the park to the surrounding community, highlight the park’s role in the 
                                                
51 Bulfinch, S. (2007). Institute Park Master Plan (1st ed.). Worcester: City of Worcester Department of Public 
Works and Parks Parks, Recreation, and Cemetery Division. Retrieved from 
http://www.institutepark.org/masterplan.pdf 
52 Ayotte, R. (2016). Friends of Institute Park polish Worcester's green gem. telegram.com. Retrieved 28 September 
2016, from http://www.telegram.com/news/20160612/friends-of-institute-park-polish-worcesters-green-gem 
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Blackstone River Corridor, preserve its historic significance,  protect its natural resources, and 
improve landscaping. The master plan for institute park categorized the space into three different 
sectors to reveal the greatest version of Institute Park: the wetland sanctuary, the urban park, and 
the recreation park. New additions to the park after the completion of this master plan will include 
but are not limited to walking paths, a historic bridge, seating areas, water gardens and an upgrade 
of the recreation field.  
 
Urban Park Trends and Sustainability and Environmental Concerns 
 Urban parks have always been an instrumental sector of city infrastructure with the 
potential to positively impact the health and mental well-being of the urban population. Recent 
innovations and trends have emerged in urban parks that will ensure that they are meeting the 
demands of modern life and working with the rapid growth of cities. In the 1900s, 40% of 
America’s total population lived in urban areas and by 2012 that percentage had risen to 80.7%.53 
With the urban population growing, less and less space is available to transform the open land into 
urban parks, so city planners need to become more and more innovative in order to provide the 
same quality of life for citizens. Parklets54 are an innovative way to increase the amount of public 
space in cities. Figure 1 shows a successful parklet in San Francisco. These small mobile recreation 
areas can be created on existing street parking to provide space to for individuals to relax, have 
lunch, or spend time with friends. It is even possible to incorporate exercise apparatus into the 
design of parklets for those who wish to get some physical activity. The first two-hour parklet was 
created in San Francisco in 2005 by an art studio called ReBar and the program was so successful 
that today the city hosts almost 40 of these small parks. In 2013 the city of Seattle rolled out their 
first parklet as a test program to see if they could be incorporated them into the long term 
infrastructure of the city. 
 Across the country from the birthplace of parklets is a city that has managed to mold one 
of the most innovative parks in the country into a tourist destination. New York City has taken a 
major stance on sustainability with its commitment to creating a more environmentally friendly 
city for the future. Here one can see the NYC High Line55, a park elevated above the city street, 
stretching across the top of a preserved railway that was once in danger of demolition. The 
Highline is more than just an urban park in an ingenious location, it incredibly environmentally 
friendly as it also functions as a green roof, utilizes drip irrigation, and the plants and porous 
pavement absorb stormwater runoff. NYC also has a new plan on the horizon for a park 
underground called the Low Line that will occupy the Williamsburg Bridge Trolley Terminal. 
With the aid of new solar technology, the city of New York plans to turn this into the city’s next 
                                                
53  Roberts, N. & Rao, T. (2013). Urban Park Access: Trends, Issued, Challenges. Presentation, CA Parks Forward, 
Public Meeting. 
54 King Tamang, J. (2014). TRENDS IN PARKS AND REC IN 2015. Presentation, Seaside, Oregon. 
55 Parkman, J. (2016). 6 Urban Green Space Projects That Are Revitalizing U.S. Cities - Smart Growth Online. 
Smart Growth Online. Retrieved 28 September 2016, from http://smartgrowth.org/6-urban-green-space-projects-
that-are-revitalizing-u-s-cities/ 
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favorite green space. The utilization of non-traditional spaces for parks is a trend that is likely to 
continue if the population of cities continues to rise as more people flock to urban areas for work. 
Figure 1: San Francisco Parklet 
Smart Magazine (2015) 
 
Urban Parks and Their Neighboring Community 
Public parks have the power to shape their neighboring community and it is possible to see 
a direct correlation between positive park improvements and the elevation of their surrounding 
communities. Prior to World War II, Midtown Manhattan was a prosperous entertainment district. 
When the war was over, the city faced an economic downturn and many midtown restaurants, bars, 
and theaters were forced to close. Bryant Park56, located in midtown Manhattan,  had been 
redesigned in the 1930s with high walls and an elevated street level which unfortunately did more 
harm for the park than good. This renovation set Bryant Park out of view from passers-by and this 
in conjunction with the economic downturn contributed to a steep increase in the park crime 
including drug trafficking, and robbery. On average, police records show that in the 1970s and 
1980s, 150 robberies, 10 rapes, and 1 murders occurred every year in Bryant Park. Women, 
tourists, and middle-class people alike chose to avoid to the park as it was perceived to be unsafe. 
The redesign in the 1930s had created the perfect environment for criminal activity. 
The tables turned for Bryant Park in 1979 when the New York Public Library began 
renovations. Primary benefactors (The Rockefeller Brothers) became keenly aware of the 
worsening safety situation in the park and its effect on the surrounding neighborhood. City 
planners have the power to increase security and redesign the layout of the park so that there are 
no blind spots for crime to unfold. In order to improve visual access into the park, William H. 
Whyte (the city planner and sociologist) suggest that city officials remove the iron fences and 
shrubbery encasing the park, improve lighting, and open up the entrance for easy circulation. In 
                                                
56 Barqawi, D. & Jaganaught, A. (2015). Case Study: Bryant Park, New York City. umusama2015. Retrieved 28 
September 2016, from https://umusama2015.wordpress.com/2015/04/11/case-study-bryant-park-new-york-city/ 
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order to bring more middle-class citizens into the park, the landscape architect suggested 
employing security guards. To cultivate a space that was inviting to upper-class individuals, loose 
chairs and cafés were suggested, much like those in French parks. With all the plans laid out, 
construction began in 1982. In ten years Bryant Park had been elevated to the cultural landmark 
known today. One can see from Figure 2 and 3 that this renovation had a dramatic effect on the 
visual appeal of the park. 
Figure 2 and 3: Just north of the fountain, looking towards Fifth Avenue, 1980s and 2014 
BPC (2014) 
 
Immediately after renovating the Bryant Park, police began to see a dramatic decrease in 
the rate of crime in and around the park. Seven years after the renovations were complete, crime 
had decreased by ninety-two percent from the rates seen before 1979. In the years that followed 
the neighborhoods surrounding Bryant Park increased in popularity and rent rates went up by sixty 
percent. This also had an effect on land value in the neighborhood, building leases, and land values 
surrounding Bryant Park rose. The dramatic transformation of Bryant Park shows one how 
powerful the actions of city planners can be to improve their environment. This case study is a 
reminder that simple city planning can solve big societal problems. 
 
Need Assessment 
If one was to enter Institute Park today from Boynton Street they would be greeted by a 
pair of doric columns in the fashion initially envisioned by Stephan Salisbury II. Although lacking 
some of its original amenities, Institute Park is still home to tennis courts, a concert shell, three 
gazebos, public restrooms, and various walkways. In the most recent renovation plan for the park, 
it is noted that improving pedestrian circulation through the park was a primary goal for the 
Institute Park of the future. To give individuals more freedom to move through the park, create a 
landmark destination, improve visual appeal, and make the recreation field more accessible, a 
pedestrian bridge should be added connecting the urban park with the recreation park. This 220-
foot span would connect the green space in the southern portion of the park with the recreation 
field in the northern section and would decrease the distance WPI athletes would need to travel to 
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reach the site by thirty percent while taking advantage of a scenic route across the bridge. This 
pedestrian bridge also presents an opportunity to incorporate a children’s playground, like in the 
early days of the park, on the peninsula neighboring the recreation field. The installation of a new 
footbridge and a playground would be a chance to remold the park in the image its initial 
benefactor, Stephen Salisbury III, intended.  
 
Innovative and Popular Bridge Design 
Innovation in city planning can transform mundane city streets and quiet parks to 
landmarks. Millennium Bridge57 was the only pedestrian bridge in London when it opened in June 
2000 and for the first time in almost one hundred years, the City and St Paul’s Cathedral were 
connected to the Globe Theatre and Late Modern on Bankside. This created a new route into 
Southward and ignited the culture around St. Paul’s Cathedral. The Millennium Bridge is the result 
of the collaboration between sculptor Anthony Cara and the engineer Arup for an international 
design competition. The finished structure spans 320 meters and supports the pedestrian walkway 
on suspension cables that never rise more than 2.3 meters tall from the floor of the deck which 
provides a full panoramic view for those crossing the bridge. The low profile design also means 
that the view from inside the surrounding buildings is not obstructed by tall suspension towers. 
The design was revolutionary, and adored by the public, the first weekend after the bridge had 
been opened over one hundred thousand people crossed. Engineers and pedestrians alike were 
taken aback when the footbridge began to exhibit lateral movements far greater than anyone 
expected, so much so that the bridge was temporarily closed down as the public deemed it unsafe. 
After extensive research, it was discovered that the increased repetitive foot traffic on the bridge 
Millennium Bridge was actually the cause of the lateral movement. The discoveries made by the 
engineers on this project have lead to changes in the damping codes for bridges worldwide and it 
was possible to stabilize the structure with dampers beneath the deck to mitigate the movement. 
Millennium Bridge proves that sometimes pushing the envelope in bridge design can yield 
surprising consequences but these can further advance bridge technology for the future. 
Liberty Bridge in Greenville South Carolina draws its inspiration from the suspension foot 
bridges that have been seen in Europe like the Millennium Bridge58. Although its profile is much 
higher than Millennium Bridge, the Liberty Bridge blends into the landscape of Falls Park 
seamlessly because of the clever placement of its towers and the way the bridge winds across the 
river. Measuring a total of 345 feet long the bridge spans the dramatic waterfall in the center of 
the park. Two steel masts support its unique curved deck design that has a radius of 214 feet. The 
deck is cantilevered towards the waterfall, hugging the landscape and its ultra light construction 
means that minimal cables are needed to support the bridge and pedestrians have an unobstructed 
view of the waterfall. Engineers working on the Liberty bridge decided to work with the natural 
                                                
57 Millennium Bridge | Foster + Partners. (1996). Fosterandpartners.com. Retrieved 28 September 2016, from 
http://www.fosterandpartners.com/projects/millennium-bridge/ 
58 The Liberty Bridge | Greenville, SC - Official Website. (2016). Fallspark.com. Retrieved 28 September 2016, 
from http://www.fallspark.com/175/The-Liberty-Bridge 
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environment to create the most aesthetically pleasing bridge possible and since its construction, 
Falls Park has been the centerpiece of Greenville and a must see destination for all visiting. 
 
Types of Bridges 
When a bridge is designed, it is essential to select the most appropriate bridge type for the 
particular site and purpose. Many factors influence this decision such as client needs, physical 
constraints, use, and weather conditions. In this proposal, three types of bridges, a truss-arch, 
precast beam, and cable-stayed, were investigated for a pedestrian bridge designed for Institute 
Park in Worcester, Massachusetts. 
A truss is a type of bridge that is comprised of connected triangular units. This type of 
structure is used often due to its rigid nature and ability to transfer loads from a single point to 
much wider contact areas59. These types of bridges form an open framework, therefore use 
materials efficiently and effectively for the amount of load that may be carried. Ultimately, this 
means the construction of a truss bridge is very economic60. The members of a truss are subjected 
to axial forces due to externally applied loads. The chords are the top and bottom members and 
interact with the flanges of the girders while the diagonal and vertical members interact similarly 
with the web of plate girders. The diagonals will generally provide sufficient shear capacity for 
the structure.61  
 
 
Figure 4: Diagram of Truss Bridge Members 
       Encyclopedia Britannica, Inc. (2012) 
 
                                                
59 Truss Bridge - Facts and Types of Truss Bridges. (2016). Historyofbridges.com. Retrieved 28 September 2016, 
from http://www.historyofbridges.com/facts-about-bridges/truss-bridge/ 
60 Selecting the Right Bridge Type. (2015). Steel Bridge Design Handbook, Vol. 5(FHWA-HIF-16-002). 
61 Selecting the Right Bridge Type. (2015). Steel Bridge Design Handbook, Vol. 5(FHWA-HIF-16-002). 
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There are many different configurations of truss structures that may be suitable for a bridge 
design depending on its purpose. Figure 4 displays one geometric configuration of a truss bridge 
with its members cables to show which members are in tension and compression. Some truss types 
will carry and translate loads differently. For example, a Pratt Truss, whose vertical members are 
in compression and diagonal members in tension, is effective when the force is mostly in the 
vertical direction 62 . Another example, a Warren Truss, whose construction is identified by 
equilateral triangles, is more advantageous when a distributed load is applied, rather than a 
concentrated load. One can see the different variations of truss bridge designs in Figure 5. A truss 
bridge design could be a good design choice for Institute Park because of the fact that smaller 
members can be used. It would be easier to transport the materials to the site but would require on-
site construction. The truss may also be assembled in sections and transported to the site that way, 
which would make it more constructible. 
Figure 5: Types of Truss Configurations 
                                                        Will Femia, MSNBC (2013)  
Arch bridges are one of the most popular types of bridge designs, having been used for 
over 3,000 years. The basic principle of an arch bridge is based not the geometry of a semi-circle. 
The load forces are carried along the curve if the abutments at either end and the arch ribs carry 
the axial forces and moment. The ribs can be trussed or solid. Solid ribs are used for shorter spans 
while trussed ribs become more economically feasible when the span is long63. Arches can be 
designed with various joint configurations, including fixed arches, two hinged arches, and three-
hinged arches. A fixed arch will prevent the rotation at the ends of the span, making it 
indeterminate to the third degree while a two-hinged arch is indeterminate to the first degree. In 
this case, a three-hinged arch will be investigated because it is statically determinate. This means 
there is one hinge at each of the supports and one at the crown.  An arch design could be a good 
                                                
62 Carigliano, S. (2015). Types of Truss Structures | SkyCiv Cloud Engineering Software. Skyciv.com. Retrieved 28 
September 2016, from https://skyciv.com/education/types-of-trusses/ 
63 Hartmann, J. (2015). Steel Design Handbook: Selecting the Right Bridge Type (1st ed.). U.S. Department of 
Transportation Federal Highway Administration. Retrieved from 
https://www.fhwa.dot.gov/bridge/steel/pubs/hif16002/volume05.pdf 
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choice for Institute Park because it may be transported in two sections. Depending on the material, 
the sections could be prefabricated off site at a plant and the two sections could be assembled on-
site where the crown is. 
A suspension bridge is a cable-suspended structure that uses high-strength cables as major 
structural members. Externally anchored suspender cable systems are the most common form of 
suspension bridges. A suspension bridge will suspend the roadway or deck with cables that are 
held up by two towers64. The main cables of the bridge are located at the outer edges and are draped 
over towers where they rest in a saddle-shaped formation. The towers need to be extremely strong 
as they support the majority of the weight in the structure. Compression forces push down on the 
structure’s deck and are transferred to the cables which then transfer the load to the towers. The 
ends of the main suspension cables are anchored into large counterweights or into the bedrock at 
the ends of the structure. A visual representation of this type of bridge is shown in Figure 6. 
 
 
Figure 6: Diagram of Suspension Bridge Members 
          Encyclopedia Britannica, Inc. (2012) 
 
There are two main components to consider in the design of a suspension bridge, the 
substructure, and superstructure. The substructure is composed of the piers in the middle of the 
structure that support the towers, and the anchors on the ends of the structure that are connected to 
the cables. The superstructure is comprised of the deck, towers, and cables65. Typical lengths of 
suspension bridge spans range from 2,000 to 7,000 feet, making them a viable choice for long 
spans, but shorter spans may also be utilized. Suspension bridges provide additional height 
clearance compared to other designs because they can eliminate some of the piers that girder 
bridges require. Suspension bridges have a high aesthetic appeal and may bring an innovative 
structure in the Worcester community if implemented in Institute Park.  
                                                
64 LAMB, R. & MORRISSEY, M. (2000). How Bridges Work. HowStuffWorks. Retrieved 28 September 2016, from 
http://science.howstuffworks.com/engineering/civil/bridge6.htm 
65 Tacoma Narrows Bridge: Suspension Bridge Basics. (2005). Wsdot.wa.gov. Retrieved 28 September 2016, from 
http://www.wsdot.wa.gov/TNBhistory/Machine/machine1.htm 
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A cable-stayed bridge is a type of suspension bridge, in that it also supports or “suspends” 
the roadway that it carries. Cable-stayed bridges are different because they don’t require 
anchorages and they don't require two towers. The cables connect from the roadway to a tower 
that bears the weight alone.66 Some designs do have multiple towers, but the key is that they do 
not require two like suspension designs do. The cables can be attached to the roadway in various 
configurations. They may connect in a parallel pattern as equally spaced cables that connect to the 
tower at different points, or connect in a radial pattern at one point at the top of the tower.67 
A beam bridge is a bridge that consists of a beam or beams laid across the piers or supports. 
This is a simply supported design and one of the simpler to design. Beam bridges  
 
Materials  
 
An innovative bridge design does not only depend on its geometric layout. The materials 
from which it is constructed contribute immensely to the strength of the structure, its resistance to 
the environmental conditions, its appearance, and how sustainable it is. Therefore, it is essential 
that various materials are investigated for the environment in Institute Park. For this site, three 
different materials will be analyzed to determine which would be most compatible for a pedestrian 
bridge across Salisbury Pond. It will be necessary to compare the intrinsic properties of each 
compatible building material, evaluate its effect on the natural environment, determine how it will 
resist weather and climate-related wear and investigate how this material may complement the 
existing park structures aesthetically and culturally.   
 
Concrete 
Concrete is a construction material composed of cement, water, and aggregates. There are 
different types of concrete depending on the materials added to it, and the ratios of the varying 
ingredients. When admixtures are included in a concrete mix, the properties of the concrete will 
alter depending on the admixture chosen. A specific admixture could reduce or increase the slump 
of a concrete mix, reduced the water-cement ratio, or reduced the cement content. Concrete comes 
in many different forms including lightweight concrete, high-density concrete, high strength 
concrete, etc., which are dependent on the materials that form the mix. Each type of concrete serves 
its own purpose and there are specific situations that they are best suited for. For example, a 
lightweight concrete has a much lighter dead load and can expedite the progress of a project by 
reducing the overall cost and time required to ship the materials to the site68. Concrete is also 
virtually non-combustible, meaning it is a very fire-resistant material69. So, in situations where fire 
protection is a concern, it is the optimal material for the job. Another property of concrete that may 
                                                
66http://science.howstuffworks.com/engineering/civil/bridge7.htm  
67 http://www.pbs.org/wgbh/nova/lostempires/china/meetcable.html 
68 Mishra, G. (2012). TYPES OF CONCRETE WITH APPLICATIONS. The Constructor. Retrieved 28 September 
2016, from http://theconstructor.org/concrete/types-of-concrete/966/ 
69 CANCIO, C. (2012). Why is concrete fire resistant?. HowStuffWorks. Retrieved 28 September 2016, from 
http://home.howstuffworks.com/home-improvement/construction/materials/concrete-fire-resistant.htm 
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be altered, is the air entrainment. Air entrainment in concrete is the creation of small air bubbles 
that allow water to expand inside the sample and reduce the stresses that develop in climates that 
experience freeze and thaw conditions. Ultimately, this reduces the impact of thermal expansion 
on the concrete and is helpful in regions with a cold climate. 
Concrete is one of the most commonly used construction materials and is considered a 
sustainable material. The predominant raw material in concrete is limestone, which is the most 
abundant mineral on Earth. Using a material that is so readily available is a good source of resource 
efficiency. Additionally, it is an efficient material due to the fact that it can be made with waste 
byproducts such as fly ash, slag cement, and silica fume70. These materials are created due to other 
production processes. Fly ash is what is left over in a furnace, slag cement is produced when iron 
ore is reduced to ore, and silica fume is produced from silicon alloys. 
 Concrete performs extremely well in compression with a compressive strength ranging 
from 3,000-5,000 psi but has a much lower strength under tension. The tensile strength of concrete 
may be increased with reinforcing steel bars or with tensioned strands in the case of prestressed 
concrete. Reinforcing bars are placed in the concrete before it cures, and the number of bars 
required depends on the amount of tensile load the concrete member is expected to carry.   
Precast concrete is a method of concrete production where members are manufactured 
offsite and transported to the construction site ready for installation. One can drastically reduce 
construction time by utilizing precast concrete and is a good option when time is a restriction.  
Overall, concrete is a suitable option for construction because of how well it performs and how 
readily available its materials are. 
Steel 
Steel is another widely-used construction material because it is structurally sound and 
offers design flexibility. Steel offers the highest strength-to-weight ratio of any construction 
material available, which makes it extremely cost-effective71. Its strength-to-weight ratio also 
allows designs to incorporate longer spans so that interior building spaces can be more open than 
they would be if constructed with another material.  Steel is manufactured in industrial mills from 
iron ore. Iron is smelted from the ore and must be reprocessed to reduce the specific amount of 
carbon associated with its transformation into steel. It is then cast into long slabs, cut and formed 
into the shapes that are desired. Steel is a durable, inorganic material, meaning it is not affected by 
rot or mold. Protective layers may be added to the steel member in order to provide additional 
durability and protection. Steel is not fire-resistant in the way concrete is, but may be fireproofed 
with spray-on fireproofing material or with fireproofing paint so structural steel can still sustain 
load at great temperatures. Steel bridges are aesthetically pleasing and may be a good choice of 
material to match the current features of Institute Park.  
                                                
70 Balogh, A. (2016). What Makes Concrete a Sustainable Building Material? - The Concrete Network. 
Concretenetwork.com. Retrieved 28 September 2016, from 
http://www.concretenetwork.com/concrete/greenbuildinginformation/what_makes.html 
71 Madsen, J. (2005). Concrete vs. Steel. Buildings.com. Retrieved 28 September 2016, from 
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Timber 
Wood is considered the only renewable construction material, as it is naturally grown and 
contributes to the removal of greenhouse gasses from the atmosphere72. Producing and processing 
wood uses significantly less energy than other construction materials, which means it has a much 
lower carbon footprint than the rest. When wood is logged, it then becomes a timber member 
because it is ready for use as a structural member. There are many timber member shapes and 
sizes, depending on the use of the frame or truss. Timber is a good option for a bridge design 
because it is not affected by road salts or freeze-thaw cycles the way other materials would be. 
Timber can also a prefabricated and then be transported to the site, speeding up the construction 
process. Modern timber construction is lightweight but also produces enough strength to carry 
significant loads73. Wood bridges are used in other parks located nearby in Worcester. It may be 
beneficial to match the new design with aesthetics to the existing structures. 
 
Design Criteria 
 
Loading and Combinations 
When designing a structure, it is essential to determine the proper loading cases and 
combinations that it may be subjected to. According to AASHTO LRFD manual, loads are 
categorized as permanent or transient. Permanent loads are defined as “loads or forces that are 
constant upon completion of construction” while transient loads are “loads and forces that can vary 
over a short time interval relative to the lifetime of the structure”74. Both permanent and transient 
loads are to be considered in the design of structures, in the form of dead loads, live loads, wind 
loads, snow loads, etc. In the case of a pedestrian bridge, live loads would be considered as the 
vertical gravity loads due to pedestrian traffic on the roadway or walkway. Wind loads also need 
to be considered. This type of loading is the horizontal and vertical pressure that is applied on the 
substructure or superstructure due to wind75. In certain regions, the effect of a snow load will have 
to be accounted for too, to factor in the weight of snow accumulation on structures. In both the 
wind and snow load cases, the loading will be site-dependent on the location and elevation of the 
site76. 
In this case, the pedestrian bridge is going to be carrying its own dead weight, live loads, 
and wind and snow loads. The dead weight of the structure will depend on the construction 
materials used and can vary greatly. Since multiple alternatives will be analyzed with different 
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design materials, the dead weight is going to change case by case. Each of the alternatives is going 
to be designed for the same live loads. When considering a live load, one must consider the type 
of traffic that is going to be crossing the bridge. Since this is a pedestrian bridge, the design is 
going to accommodate pedestrian foot traffic, as well as landscape machinery. This includes lawn 
mowers for the upkeep of the park and Bobcat machinery for snow plowing or other park 
construction/improvements in the future. The alternatives will be designed for a machinery live 
load of 10 kips, which is approximately how heavy the heaviest Bobcat steer skid machine 
weighs77. 
 
Accessibility  
When a structure is designed, it needs to comply with requirements set forth by Americans 
with Disabilities Act (ADA), in such a manner that it is readily accessible to and usable by 
individuals with disabilities78. The most updated version of ADA standards and requirements is 
the “2010 Standards: Titles II and III”, which outlines the requirements for the design and 
construction of new structures, like bridges. In general, floor and ground surfaces “shall be stable, 
firm, and slip-resistant”, according to section 302.1 in the 2010 Standards. It also states in section 
302.3 and 303.1 that there shall not be any opening in the floor or ground that exceeds ½”, and 
that change in vertical height shall not be greater than ¼”. Chapter 4 of the ADA standards, 
including sections 401, 402 and 403, cover the accessible route requirements. This includes 
walking surface, slopes, and handrails. The slope of the walking surface shall not be steeper than 
1:20 with the cross slope not exceeding a slope of 1:48 79 . This ensures a structure can 
accommodate the widest range of users possible. The running slope is the slope of the surface in 
the direction of travel, while the cross slope is the slope of the surface that is perpendicular to the 
direction of travel. According to section 505, if the walking surface has a slope greater than 1:20, 
handrails are required for the length of that walking surface. The handrail shall be continuous and 
also be present on any stair or ramp. The gripping surface of the handrail should not be obstructed 
at any point on the top or sides of it. 
 
Constructibility  
In order for a bridge design to be successful, the bridge design must be constructible. The 
basis of constructibility in design means that construction of a project unfolds with minimal errors, 
delays, and unseen costs. Many factors will need to be considered such as location, time of year, 
and project duration. The location of the project site influences how the equipment and materials 
can be transported and which access points that will be required. In a worst case scenario, roadways 
will have to be temporarily closed to allow for the transport of equipment or materials to and from 
the site. Institute Park is situated between numerous busiest streets that carry a great deal of traffic, 
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78 2010 ADA Standards for Accessible Design. (2010) (1st ed.). Retrieved from 
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especially during peak hours. It may be possible to only move equipment when the streets are less 
busy, or utilize side streets when possible.   
Another constraint to consider is the environment in the area. One will have to determine, 
prior to construction, if certain environmental permits will be required, the time required to obtain 
the necessary permits needs to be accounted for beforehand to minimize delay. The Institute Park 
area also has many wetlands in close proximity to where the pedestrian bridge would be erected 
and this may be something to consider while scheduling the project. Environmental permits may 
be required one to have certain equipment on the land while other permitting may set restrictions 
on local noise pollution due to construction.  
 The time of year can affect scheduling and completion of work if the project duration lasts 
through seasons where bad weather is expected. For example, New England winters typically have 
at least a few snowstorms, so planning ahead for this can reduce the chance of encountering time 
delays on site which can negatively impact the overall cost of the project. Proper planning and 
design choice can help to make a project easily constructible with minimal errors,  delays or 
negative effects to the surrounding city.   
 
Risk Management 
The goal of risk management implementation is to identify potential risks to the structure, 
avoid risks with strategic planning if possible, and reduce risks as much as possible if they are 
inevitable. The best preventative practice a design team can do to ensure the longevity of a bridge 
is to analyze its environment to identify various climate-related threats to the structure's integrity 
such as the wind, rain, snow, salt, and earthquakes. This way design decisions such as protective 
paint, reinforcement clearance in concrete, and smooth connections can be implemented to reduce 
the risk of problems occurring in the future. For a pedestrian bridge located in a public park, one 
of the best methods for risk prevention is to employ a city maintenance crew that will practice 
proper upkeep of the bridge. For example, it is important to cleaning locations where debris can 
collect and become trapped as these could provide fuel for a fire if one were to ever ignite on the 
bridge. This type of risk management requires basic inspection and observation of the bridge. 
Another reason for inspection of the bridge would be to check the condition of the paint coat. The 
coats of paints are meant to provide a layer of protection for the steel surface against the corrosion 
caused by weather. If there is damage to the paint, then a new coat may need to be applied. One 
must also check the joints of the bridge in order to assure there is no water collecting. When water 
gets into joints, corrosion can occur in the case of steel or the member could crack in the case of 
concrete. Even basic maintenance of the bridge will be able to reduce the risk that the structure 
will face in the present or future. 
 
Geotechnical Concerns 
 To ensure the structural integrity of the pedestrian bridge, it is necessary to analyze the 
geotechnical conditions on the site. The exiting conditions in Institute park can be gathered from 
a site walk and an analysis of local resources with the help of mapping software. The site analysis 
will involve an investigation of the site to identify any special constraints such as wetlands or 
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protected habitats, an inventory of the existing conditions and an evaluation of particular aspects 
of the area such as soil type.80 To compile a complete picture of the geology on the sight the 
physiography, geography, surface cover, climate, subsurface conditions, ground temperatures, 
hydrology, hydrogeology and construction materials should be investigated81. Data summarizing 
earthquake activity in the area will also prove helpful in the design process, enabling us to design 
the structure so it will be strong enough to withstand a similar magnitude of seismic activity in the 
future. As the site is in a temperate climate, permafrost does not need to be considered in the design 
of the foundations. With the aid of ArcGIS and historic weather, seismic activity on the site, it will 
be possible to make design decisions that not put the bridge in jeopardy of the underlying 
geotechnical conditions.   
 
Aesthetics 
A bridge spanning Salisbury Pond has the potential to become a landmark destination in 
the city of Worcester. In order to design for this, it is incredibly important to keep in mind the 
aesthetics of the bridge when weighing different design options. The structure should be 
complementary to the other structures in the park visual and not take away from their presence. 
Certain elements such as the lighting, paint color, geometric layout, and materials selection can 
have a large impact on the overall aesthetic appeal of the pedestrian bridge. This can be done by 
using similar materials as the surrounding structures in the park or by replicating their style in the 
aesthetic details of the structure. For pedestrians using the bridge, its geometry is paramount. The 
bridge must be high enough so that it has the best view possible of the surrounding area but at the 
same time the superstructure should not impede their view. It is also important to consider the 
substructure and its clearance above the lake surface. If in the future individuals wish to bring 
small boats on the lake such as canoes or kayaks then the bridge must be tall though for them to 
pass under comfortably. It will be necessary to consider all of these factors when cultivating 
various designs for the pedestrian bridge to evaluate which will best contribute back to the 
community and improve the overall experience for those using the park. 
 
Economics 
The purpose of economics in design is to create the most cost-effective solution to the 
problem presented. In this case, the economics for a pedestrian bridge design in a local park are 
being examined, and will ultimately influence the decision of a final design choice. Truss, arch, 
and suspension bridges all have advantages and disadvantages when it comes to economics, do it 
will be necessary to find the most cost-effective design. According to the Federal Highway 
Administration (FHWA), trusses are generally not cost-effective for span lengths under 450 feet, 
Arches, on the other hand, are generally used for span length of 200 to 1800 feet, but shorter spans 
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may be used more for aesthetic purposes. Suspension bridges are used when spans lengths range 
from less than 200 feet to 3600 feet82. The member and span size, material cost and construction 
process for each of the design alternatives will significantly impact the cost of the bridge.  
Economics will play a large part in determining which bridge is the most cost effective solution 
and will be given credence in the ranking system for final design selection. 
 
Environmental Concerns 
In order to ensure that there are no negative repercussions during and post construction of 
the pedestrian bridge it is essential to consider the potential environmental impacts that a 
pedestrian bridge could have on Salisbury Pond and the Surrounding area. With the aid of ArcGIS 
mapping capabilities, it will be possible to identify wetlands areas and protected species habitats 
in the park so that proper buffers are given to these areas ensuring that all design suggestions 
disturb as little of the natural environment as possible. It is possible that the structure could also 
be an appealing nesting site for birds if there are adequate spaces in the superstructure for their 
nests. For this reason, during the design process, it will be necessary to avoid geometric outlines 
that create crevices where birds could nest as the small try twigs could present a fire hazard and 
their droppings are heavily corrosive to metal and could damage the structural integrity of the 
bridge. The final design for the pedestrian bridge spanning Salisbury Pond should not have any 
detrimental effects on the natural environment if these are environmental concerns are taken into 
account during the design process. 
 
Design Tools 
 
ArcGIS 
ArcGIS is a geographic information system (GIS) that works with geographic information 
to create and analyze maps. It is used to compile up-to-date geographic data and analyze the 
mapped information. ArcGIS uses a geodatabase which is an object-relational and stores spatial 
data to combine spatial features and attributes. This database may also contain topographical 
information, which maps the physical surface. It can model the behavior of physical features such 
as roads and intersections, and show the correlation between the features. With the information it 
provides, ArcGIS allows users to perform a thorough computational analysis of geographic 
patterns, find optimum routes and sites, and complete advanced predictive modeling83. It is even 
possible to use ArcGIS along with AutoCAD to streamline information between the two software 
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systems and view updated and detailed maps in AutoCAD that incorporate the GIS analysis results 
in AutoCAD designs84. 
 
AutoCAD 
AutoCAD is an Autodesk software application for 2D and 3D computer-aided design and 
drafting. In this case, AutoCAD can be used to draft members of the pedestrian bridge, the bridge 
unit as a whole, and the surrounding site. Civil 3D, an AutoCAD software designed specifically 
for civil engineers, uses a capability called surfaces to digitally create or replicate the site in the 
software. It will be possible to model a site at Institute Park and combine the AutoCAD drawings 
with it. This will provide a to-scale model of the bridge and site design that can be modeled and 
analyzed. Civil 3D is also a useful tool to model where utility lines run, or other additional 
constraints such as existing or environmental conditions. GIS information may be directly 
imported into an AutoCAD model to better represent the existing topography of the land around 
the project site.  
 
Revit  
Revit is another platform in Autodesk that may be utilized to design structures. New 
technology for designing civil infrastructure in BIM has been emerging85. Building Information 
Modeling (BIM) is a process that generates and manages digital representations that allow 
professionals to efficiently plan, design, and construct projects. AutoCAD, drawing (DWG) files 
containing subdivision surfaces and solids may be imported into Revit and used as a part of the 
Revit design86. Therefore, a drawing file contains accurate, detailed site surfaces that may be 
imported and linked into Revit in order to create a 3D model of a bridge or building, to-scale. 
 
RISA 
RISA is a structural design and optimization software. RISA allows users to analyze 
structures from simple beams to trusses and shear walls. The software has the capability to model 
the structure and its loading and calculate the joint reactions and deflections. Once the structure is 
solved, the axial, shear and moment diagrams can be displayed, as well as the deformed shape. 
Users can then easily understand the behaviors of the structure and model it under different 
conditions. RISA contains the most recent steel, concrete, and timber design codes, and has  the 
capability to analyze multi-material problems87. RISA is a useful tool when looking at different 
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beam or truss configurations and sizes. New shapes, sizes, and various other properties may be 
adjusted very quickly which speeds up the design process. RISA will be used in combination with 
hand calculations as a second check to verify that member choice and configuration is sufficient.  
 
Estimating Applications 
Estimating software, such as Timberline, can be used to determine project costs. 
Timberline allows users to break up categories of materials used on a project and estimate them 
separately, so steel can be estimated independently from concrete or another material. This 
software requires the input of the unit costs for each material and the input of the quantities of 
those materials. Excel can also be used for estimating but will require the creation of a unique 
spreadsheet that allows the entry of unit costs and quantities. One method to check the quantities 
of the project is to do a quantity takeoff in a program such as On-Screen Takeoff (OST). Programs 
like OST provide a secondary check to make sure that the quantities entered are correct and that 
the estimated cost of the project is accurate. 
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Methodology 
 
Table 1: Anticipated Project Activities and Necessary Resources 
Activity to be Completed How to Complete it Resources Required 
Concept Drawings • Create hand drawn sketches 
for each bridge system  
• Ensure each aesthetic design 
is innovative ,striking and 
compatible with the 
surrounding area 
• Creativity 
• Knowledge of structures 
Site Analysis • Conduct a physical survey 
and review of park area 
• Gather data including 
geological, environmental 
and behavioral information 
• Take photos and make 
observations 
• GIS map analyses 
• Lidar Model 
• Geotechnical Engineering 
book for reference 
• GIS application 
• Lidar  
Superstructure Design • Evaluate environmental 
constraints 
• Determine design loads 
• Truss: member, material 
selection and deck design 
• Arch: member, material 
selection and deck design 
• Suspension: cable, deck, and 
tower design 
• Manuals/handbooks 
including: AISC Steel 
Construction, NDS Wood 
Construction, PCI Design 
Handbook, ACI codes 
• Textbooks including: 
Structural analysis, Steel 
design, Reinforced 
Concrete, Prestressed 
Concrete 
Substructure Design • Evaluate environmental 
constraints  
• Determine design loads 
• Abutment design 
• Pier and foundation design 
• GIS imagery 
• Soil Mechanics textbook 
• Foundation Engineering 
textbook 
Bridge Design Verification • Develop a 3D digital 
rendering of the site and 
bridge design 
• Verify structural integrity 
via structural analysis 
software 
• RISA (structural analysis) 
• Revit (3D structure) 
• AutoCAD Civil 3D (site 
model) 
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Table 1: Anticipated Project Activities and Necessary Resources 
Bridge Impact Determination • Determine structural impact 
on existing site  
• Determine construction 
impact to natural and build 
environment  
• Pinpoint the location of 
nearby utilities and verify 
that they are not jeopardized 
by construction 
• Obtain necessary permitting 
info for structure and 
additional amenities 
• Establish the “Right of 
Way” for equipment and 
materials 
• Soil maps 
• Utility drawings, maps, or 
details 
• ROWs, if city of Worcester 
can permit access 
Cost Estimation • Determine cost of each 
design alternative with cost 
estimating software 
• Include material cost, 
estimated transportation and 
construction costs 
• Timberline software or excel 
• RSMeans have construction 
book 
Comparative Chart  • Determine criteria by which 
each design will be scored 
• Create a comparative chart 
with multiple criteria for the 
bridge design ranking 
• Excel to create a chart 
• Knowledge of what criteria 
should be considered for 
ranking 
Scheduling • Create an approximate 
schedule for when and how 
long the project would take  
• Excel 
• Microsoft Project 
Create Final Design Package • Determine which amenities 
will be included  
• Pinpoint the best location for 
each additional amenity 
based on behavioral 
information 
• Estimate the additional cost 
of each amenity 
• Create a final design 
package with the chosen 
bridge and park 
improvements 
• Research on parks with 
similar amenities or 
improvements 
• Research costs for 
improvements  
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Concept Drawings 
 The initial stage for the design of the pedestrian bridge at Institute Park will be to 
create a series of concept drawings that represent the geometric layout of the structure. Once 
complete, there will be hand drawn concept sketches for the Truss, Arch and Suspension bridge 
that will be used to investigate each design's level of compatibility for the site. This is an imperative 
first step in the design process as it is impossible to design structural elements for a system if one 
does not know its geometric configuration. When formulating the various conceptual designs for 
the system there are numerous things to factor into the creative process including its aesthetic 
design and its visual compatibility with neighboring structures. After the concept drawings are 
complete, it will be possible to dive deeper into the specifics of the analytical design of the 
pedestrian bridge.  
 
Site Analysis 
To develop a structurally successful design it is necessary to complete a thorough analysis 
of the existing condition on the site before any major design decisions are made. There will be two 
different components to the comprehensive site analysis. First, a walkthrough will be completed 
to catalog as much information as possible and to capture visual aids for the design process. Then 
ArcGIS and LiDAR information will be used to develop maps detailing the different aspects of 
the site such as topography, geotechnical concerns, wetlands, utilities and the immediate 
surroundings. After the site walkthrough is complete it will then be possible to see any 
discontinuities between the information gathered from personal experience and the information 
provided by the state of Massachusetts through ArcGIS and LiDAR. The reference text, 
Geotechnical Engineering Principals88 and Practices will be used as a guide when designing the 
foundation and piers for the structure based on the soil types that are identified from the site 
analysis. Further research will also be conducted on the local climate and seismic activity in the 
area to ensure that the bridge will be able to resist the natural patterns in the future. The completion 
of the site analysis will allow the technical design of the pedestrian bridge to move forward so that 
the structure is compatible with its environment and withstands the test of time.  
 
Superstructure Design 
Once the expected loading and loading combinations are determined for the pedestrian 
bridge, superstructure designs will be completed. The ASCE 7-10, Minimum Design Loads for 
Buildings and Other Structures, will aide in the determination of loading combinations. The 
superstructure is the part of the bridge that is above the foundations and abutments, and its design 
varies greatly depending on design type and material. Since multiple alternatives are being 
investigated, that means multiple superstructures will be designed. The bridge types and materials 
to be used for each design will be determined and resources for each will be referenced. The steel 
alternative will require the use of the AISC Steel Construction Manual (14th Ed.), McCormac and 
Csarnak’s Structural Steel Design textbook (5th Ed.), and Hibbeler’s Structural Analysis textbook 
                                                
88 Coduto, D., Yeung, M., & Kitch, W. (2011). Geotechnical engineering. Upper Sadddle River: Pearson. 
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(8th Ed.). The concrete alternative will investigate whether reinforced, prestressed or precast 
concrete is used and designed for. There are many useful references that will be used, including 
Nilson’s Design of Concrete Structures (14th Ed.), the ACI manual, including ACI 117 and ACI 
224, and the PCI handbook. The wood alternative will investigate timber members for the truss 
design. National Design Specification (NDS) for Wood Construction materials will be used. This 
includes the ASD/LRFD Manual for Engineered Wood Construction, Wind and Seismic 
provisions, and all other supplements and addendum. These textbooks, manuals, and handbooks 
will be used to design superstructure designs of an arch, suspension and truss alternative for the 
pedestrian bridge. 
 
Substructure Design 
For each superstructure geometric configuration of the pedestrian bridge in Institute Park, 
there will need to be a supplemental substructure design detailing the abutments, piers, and 
foundation. Once the site analysis reveals the topography if the site, the calculations governing the 
loads on the superstructure are complete, and the members are sized for each geometric design, it 
will be possible to design adequate abutments, piers, and foundations to support the superstructure 
in the unique environment at Institute Park. To aid in the design process the ArcGIS imagery and 
geology analysis will be incredibly helpful, the Geotechnical Engineering Principals book will be 
used as a reference text to analyze the soil stability in the region, and the textbook, Foundation 
Design Principals and Practices89, will be used as a reference to design the foundations. The 
substructure design will be visually based on the conceptual aesthetic design and the analytical 
design decisions made for structural stability will be dependent upon the data gathered from the 
site analysis and the calculations made for the substructure design.  
 
Bridge Design Verification 
As a secondary check to verify that the analytical design derived from hand calculations is 
structural sound, a three-dimensional rendering of the structure will be compiled. Using ArcGIS, 
a two-dimensional model of the site and its characteristics will be created to pinpoint the exact 
location of the bridge. Then this surface will be imported into AutoCad where a three-dimensional 
digital image of the bridge can be drawn to scale. This file can then be imported into Revit to make 
use of its visual rendering and structural analysis capabilities. It will be necessary to verify that the 
various geometric configurations for the pedestrian bridge are all structurally sufficient for the 
span. One way to do this is to use the three-dimensional structural analysis tool built into Revit. 
This gives the user a comprehensive gravity analysis for the given structure including load data 
and a visualization of how the load is carried throughout the structure. Another way to check the 
structural integrity of the pedestrian bridge would be to use Risa, however, this program is not 
compatible with ArcGIS or AutoCad and also can not produce as visually detailed results as those 
produced in Revit. When working through the hand calculations Risa will prove to be very helpful 
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to quickly verify a few calculations within the structure but the three-dimensional models created 
in Revit will provide a complete picture of how the bridge will function as a whole on the site.  
 
Bridge Impact 
To minimize the amount of negative impact the new structure will have upon its 
surrounding environment, its potential impact on various aspects of the local environment will be 
studied to proactively avoid any negative impacts and mitigate them if they are unavoidable. To 
determine the impact that construction may have, the impact of machinery on the land surface 
surrounding the structure, the time required to complete the project, the proximity to residential 
spaces, and the access points to the site where traffic will be delayed will all be considered. 
Additionally, ArcGis will be used to determine if there are any existing utility lines that could be 
disturbed during construction. As there is a wetland located within the site, it will be necessary to 
determine whether or not there are any specific permits required to build close to the area.  
Once having assessed the impact that the physical construction of the bridge will have on 
the environment then the possible cultural implications of the bridge will be investigated. The 
structure’s aesthetic design may have an impact on tourism in the area and even boost overall 
attendance in the park. One may also see an increased use of the previously isolated recreation 
field. The space could also then be used as a venue for more programmed events if the structure 
makes the area more inviting to the public. All of these will need to be investigated to determine 
the extent of the impact the pedestrian bridge could have on the community neighboring Institute 
Park. 
 
Cost Estimation 
Preliminary cost of each design alternative will be estimated based on material, 
transportation, and construction cost. Each of the designs will be investigated and cost estimate 
formed based on material types and quantities, connection types and quantities, shipping and 
assembling costs, and construction time and labor required. The shipping and assembling costs 
will depend heavily on whether the bridge will be partially or fully prefabricated or if it will be 
constructed solely on site. The time and labor required to construct the bridge will vary based on 
design also. For example, welded connections are a great deal more expensive than bolted 
connections because they require skilled workers. These variations will result in each of the 
alternatives having its own independent cost estimate. These cost estimates will come from unit 
prices of materials used in the construction. The RSMeans book will be a suitable reference for 
the pricing of the materials that will be used in the design alternatives. Cost estimating software, 
such as Timberline, will be used after unit prices are determined. If for some reason cost estimation 
software is unavailable, the cost estimate can also be manually created in Microsoft Excel, which 
is equally as effective. When designing, the quantities of each component will be recorded and 
used in the cost estimation software. The cost will then be determined by the product of unit prices 
of the items and quantities of the items. Essentially, every part of the bridge design should be 
accounted for in the cost.  
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When the alternatives are complete and a clear winner is chosen, based on cost and other 
criteria, the final design will be detailed and associated costs will also be estimated. The final 
design can include things like LED lighting, handrails, and other aesthetic detailing of the bridge.  
If there are other finishing touches to add to the chosen bridge design such as paint and/or 
protective coats, it will be accounted for in the final cost. 
 
Comparative Chart 
A comparative chart will be created to assess and rank each of the bridge design 
alternatives. The highest ranking, or winning, bridge design will be chosen for final designing and 
design package recommendation. Each of the bridge designs will be compared and ranked based 
on criteria such as economics, environmental impact, constructibility, and aesthetics. A ranking 
system will be determined based on these criteria and importance of each of the criteria will be 
decided as well. The criteria and importance will be laid out in a chart to provide a clear visual that 
indicates the highest ranking design and reasoning. 
 
Schedule 
A schedule of construction breakdown will be created to provide a start and completion 
date estimate. The schedule will take into consideration things like material transportation, 
prefabrication, and construction timing. Creating a schedule helps improve project constructibility. 
Constructibility improves because weather, traffic, or other factors can be taken into consideration 
and planned for, making the schedule more accurate or providing additional time for anticipated 
delays. The scheduling of the bridge construction will be done in ideal conditions, with leeway in 
case of a delay or error. For example, construction would most likely be better in the spring and 
summer months because winter weather in Worcester is usually severe and unpredictable. The 
schedule could also include the construction and installation of new amenity options for Institute 
Park. Minor improvements, such as bike rack or water fountain installation, would be better 
completed after bridge construction is over so the schedule will account for simultaneously or 
consecutive construction activities and tasks.  
Final Design Package 
The final design package of the bridge and various amenities will be determined once the 
final bridge design is chosen. Research into more sustainable parks will be completed and the 
amenities in those parks will be investigated, in order to determine if they would yield similar 
success if incorporated into Institute Park in Worcester. More research will also be performed for 
similar parks in Worcester to see if there are any existing components from those locations that 
can be incorporated into this new design at Institute Park that may add similar character. This could 
include finishings, like paint colors or textures, etc. Various amenities will be looked into that 
could improve sustainability, accessibility and the user-friendliness of Institute Park, such as bike 
racks, water fountains, and LED lighting. Finally, a design package will be compiled with the new 
pedestrian bridge design and amenity options and will also include a final associated cost estimate 
for all of these new improvements. 
  94 
Deliverables 
 
 Once the pedestrian bridge designs are completed, there will be numerous deliverables 
showcasing the extent of the work done on the project. The written report will outline the design 
process for each proposed structure that was investigated, identify the optimal bridge design,  
analyze and reflect on the bridge’s impact to the surrounding community, and propose future 
enhancements that could improve park functionality and efficiency. To accompany the written 
report, there will be detailed hand calculations verified by structural design software to support all 
design decisions for each geometric variation of the pedestrian bridge. Additionally, visual aids 
will be constructed into detail the specifications of each bridge type and render a three-dimensional 
model of the bridge and its neighboring environment. At the summation of the design process, 
officials in the Worcester community will be approached to gauge the probability of the bridge 
being constructed in the near future and to identify what steps must be taken in order to make the 
design proposal a reality.  
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Capstone Design Statement  
 
 At Worcester Polytechnic Institute (WPI), the Major Qualifying Project (MQP) represents 
the capstone design experience required by the department and the Accreditation Board for 
Engineering and Technology (ABET). ABET requires the student to complete a capstone design 
that incorporates engineering standards into their capstone project work in order to graduate with 
the ABET-accredited degree and practice engineering. Eventually, that engineering practice leads 
to professional licensure in the industry. The capstone design experience compiles the knowledge 
obtained in the four years of undergraduate courses and applies it to a real world design problem, 
as illustrated by the MQP. It is important to be able to apply the knowledge and skills acquired in 
academia to real-world engineering problems as practicing engineers job after college will have to 
approach problems the same way. In real world design problems, engineers have to come up with 
solutions that satisfy the standards and constraints of the specific project and site. The MQP 
provides exposure to the constraints and standards of a design problem, that may not have been 
discussed in the classroom. In this MQP, three bridge design alternatives will be investigated and 
a final design will be detailed, addressing the site constraints and considerations presented by 
economics, environmental implications, ethics, health and safety, and constructibility. 
 
Economics 
 An important consideration for an engineering design is the economics of its structure and 
construction. Most often in any given project, there are budgetary constraints that influence how 
and when the project is going to be designed and completed. In some cases, the engineering design 
may even need to change once the project has already started, causing additional monetary 
demands. It is an imperative part of the engineering process to devise solutions that arise during 
the lifetime of a process but it is important to understand how these last minute changes can affect 
the overall cost for project completion. In this case, the design, materials, and construction cost 
associated with each pedestrian bridge design will be considered to determine  which  design is 
the most economical.  
 
Environmental Impacts 
 Environmental concerns must always be considered when analyzing the existing 
constraints on an engineering a project. Engineers need to determine where the structure will be 
located if it will disrupt the neighboring environment, and how to prevent any negative impacts 
the project could have or mitigate the impact of their project if its impacts are inevitable. In this 
project, many environmental concerns will be considered, as the site is located in a park with many 
wetlands and wildlife habituating it.  
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Ethics 
 Engineers need to follow a code of ethics for all design projects and should do work that 
enhances human and environmental welfare and safety. The American Society of Civil Engineers 
(ASCE) has a Code of Ethics that outlines seven canons of professional practice that civil engineers 
should uphold in their duties. These principles of professional practice will be upheld throughout 
the design and analysis of this project.  
 
Health and Safety 
 Public health and safety is the most important standard for an engineer to meet. The design 
and construction of projects must be compliant with all specifications and standards set by various 
organizations in the industry. Standards include those set by the American Association of State 
Highway and Transportation Officials (AASHTO), American Institute of Steel Construction 
(AISC), American Concrete Institute (ACI), and the American Society of Civil Engineers (ASCE). 
The ASCE 7 code provides the minimum design loads for buildings and other structures, AISC 
provides the steel manual outlining the requirements for steel design, ACI provides various codes 
on structural concrete, and AASHTO provides various guides on the Load and Resistance Factor 
Design (LRFD) method design of highways and bridges. Additional requirements for project 
design include things like those outlined in the Americans with Disabilities Act (ADA). All of 
these specifications and standards will be followed for the pedestrian bridge designs in order to 
ensure the structural integrity and safety of the system. 
 
Constructibility 
 Another real world criteria to consider in project design is the constructibility of the 
structure. Engineers must decide whether or not a project would have a more beneficial outcome 
if it was prefabricated and transported to the site for assembly, or if it was constructed on-site. 
Additionally, engineers must determine how construction machinery and materials will be 
transported to the site and if there will be any negative effects on the local traffic. The local climate 
will also have to be considered to determine when would be the best time for construction to begin 
and if weather conditions could bring work to a halt at any time. Things to consider include 
transportation distances, fuel costs, site accessibility, weather patterns and cost trends during the 
time of construction. In this project, prefabrication methods and on-site construction methods will 
be investigated, along with the local traffic patterns, site accessibility, and seasonal weather 
conditions to see how and when is best for construction. 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
Professional Licensure  
 Professional licensure is an important aspect of practicing any type of engineering. 
Licensure is a recognized standard by the industry it is held in and by the public as a pledge of 
dedication, quality, and skill of work. Professional engineers perform design work and are able to 
sign off on plans that they have worked on or contributed to because of their status. A degree 
obtained from an ABET-accredited university provides a path that leads to professional licensure 
  97 
if the student wants to pursue it. The ABET standards that those universities carry out replicate the 
real world practice of design, which is what the MQP does as well. This MQP replicates the 
professional practice of a licensed engineer by solving a complex design problem that addresses 
real world conditions and constraints.  
 
 
 
 
 
Conclusions 
 
 The summation of this Major Qualifying Project will yield a complete design package for 
the optimal improvements of Institute Park. The completion of these improvements of Institute 
Park has the potential to radically elevate the urban environment in Worcester, Massachusetts. The 
addition of a pedestrian bridge will increase the aesthetic appeal of the park, improved circulation, 
connect green space across the city, increase tourism, promote the use of Salisbury Pond, and bring 
life to underutilized segments of the park. 
    The pedestrian bridge will connect the most popular sections of the urban park with areas that 
are currently underutilized. The structure’s geometric configuration will be strategically 
illuminated creating a visual centerpiece and a local landmark at all times of the day. Aesthetic 
potable water fountains will further increase the visual appeal of the urban park and provide a 
convenient refreshment source for those using the park for recreation. New park amenities will 
prompt future use and elevate the quality of life for those living in the neighboring area. The 
proposed playground within the existing forested area will make Institute Park a more child-
friendly space while additional benches and improved lighting will increase the park’s level of 
comfort and safety. Additional path work will encourage individuals to traverse the entire area and 
to take advantage all of the natural and artificial amenities the park has to offer. A bike sharing 
system will further promote physical activity, decrease traffic congestion and lower carbon 
emissions in the city. Finally, identified historic sites within park boundaries that are displayed 
will preserve the historical significance of Institute Park for generations to come. If the proposed 
modifications to Institute Park are effectively implemented, this urban park will quickly become a 
popular recreation space and community hub for visitors and residents alike. Institute Park can 
become a cultural hub in Worcester, a landmark destination for visitors, and an ideal space for 
neighboring residents to spend their free time if the changes outlined in this Major Qualifying 
Project are incorporated into the current park layout. 
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Schedule  
 
Table 2: MQP Progression Schedule  
Term Tasks Submission Date 
A • Complete Proposal 
• Begin concept design 
drawings 
• Begin writing components of 
MQP report 
• Begin site analysis 
10/11/16 
B • Design three pedestrian 
bridge alternatives 
• Prepare cost estimates 
• Create comparative chart 
• Select ideal alternative 
12/13/16 
C • Detail the selected design 
• Determine additional park 
amenities 
• Prepare a final design 
package cost 
• Complete report 
3/1/17 
D • Allow time for any last-
minute report editing or 
revising 
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